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(54) Titie: METHODS FOR ENHANCING FUNCTIONAL RECOVERY FOLLOWING CENTRAL NERVOUS SYSTEM ISCHEMIA 
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(57) Abstract 

The present invention provides methods and compositions for treatment of mammals afflicted with an ischemic or traumatic injury 
of the central nervous system, the present invention capitalizes in part upon the discovery that administration of a morphogen to such a 
mammal provides significant improvement in central nervous system function, even when administered after central nervous system tissue 
has been damaged. The methods involve the administration of dimeric proteins defined as morphogens, inducers of these morphogens 
or agonists of the corresponding morphogen receptors, or implantation of cells stimulated by exposure to tbe^ior#ipgens. The proteins 
defined as morphogens comprise a structurally and functionally distinct family within the TGF-0 superfamilyV ^su^gemc protein- 1 (OP-1) 
ts considered to be an exemplary and^preferred member of this morphogen family. 
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The present application claims priority to U.S. application serial number 08/620,444 filed 
March 22, 1996, the disclosure of which is incorporated herein by reference! 

Field of the Invention 

The* present invention generally relates to methods and compositions for the treatment of 
mammals, Including humans, following an ischemic or traumatic injury ta the central nervous 

system>^ f *?' .- 

Background of the invention 

Numerous proteins have now been identified and characterized as mbrphogenetic or 
growth factory regulating cell proliferation and/or differentiation of tissues in vertebrates 
including mammals. Typically these growth factors exert their effects on sp^fic subsets of cells 
and/or tis^es. thus, for example, epidermal growth factors, nerve growth|j^rs, fibroblast 
growth factors, various hormones, and many other proteins inducing or inhibiting cell 
proUferationj^o^entiatibn have been identified and shown to affect some svibset of cells or 
tissues. '"'•!■'' ■ 

Neurotrophic factors are polypeptides that are required for the deye^|rjaant of the 
nervous systems The first neurotrophic factor discovered, nerve growth fac^nip3F), is now 
known to be a part of a large family of growth factors, which also includes &^^^MT3, and 
NT4/NT5. The dimeric proteins defined in PCT Publication No. WO 94/032^^ morphogens 
constitute another family of proteins believed to play an important role in neuSll^elopment 
(Jones, et al. (1991) Development 111. 53 1 -542; Ozkaynak, et al. (1992) J. BioLChem. 267: 
25220-25227; Lein, el al. (1995) Neuron 15: 597-605). f.ffy' 

These proteins, referred to herein as "morphogenic proteins" or "morph^hs," are 
competent to act as true tissue morphogens, able, on their own, to induce the proliferation and 
differentiation of progenitor cells into functional mammalian body tissue. The SteS mclude 
members of the family of bone morphogenetic proteins (BMPs) which were" ihitS^demified by 
their ability to induce ectopic, endochondral bone morphogenesis. 
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Mdrphogens generally are classified in the art as a subgroup of the-TGF-p superfamily of 
^cs{Hogan (1996) Genes & Development JO 1580-1594);. Members of the 

of proteins include the mammalian osteogenic protein- 1 (OP- 1 . also known as 
BMP-7. and the Drosophila homolog 60A), osteogenic protein-2 (OP-2, also known as BMP-8), 
5 osteogerae protein-3 (OP-3), BMP-2 (also known as BMP-2A or CBMP-2A, and the Drosophila 
homolog ^BP), BMP-3, BMP-4 (also known as BMP-2B or CBMP-2B), BMP-5, BMP-6 and its 
murine.homoiog Vgr-I, BMP- 9, BMP- 10, BMP-1 1, BMP- 12, GDF-3 (also known as Vgr2), 
GDF-8", GDF-9, GDF-10, GDF-1 1, GDF-12, BMP-1 3, BMP- 14, BMP-1 5, GDF-5 (also known 
as CDMP-1 or MP52), GDF-6 (also known as CDMP-2), GDF-7 (also known as CDMP-3), the 
10 ^enopwsihofnolog Vgl and NODAL, UNIVIN, SCREW, ADMP, and NEURAL. The members 
of this family/ encode secreted polypeptide chains sharing common structural features, including 
processing from a precursor "pro-form" to yield a mature polypeptide chain competent to 
dimerize, and containing a carboxy terminal active domain of approximately 97-106 amino acids. 
All members share a conserved pattern of cysteines in this domain and the active form of these 
1 5 protems carftie either a disulfide-bonded homodimer of a single family member, or a heterodimer 



of two different members (see, e.g., Massague (1990) Annu. Rev. Cell Biol. & 597 , Sampath, ei 
al. (1990) j.Biol. Chem. 265: 13 198). See also, U.S. 5,01 1,691 ; U.S. 5,266,683, Ozkaynak et 
al. (\990)E&BOJ. 9: 2085-2093, Wharton et al. (\99\) PNAS 88: 9214-9218), (Ozkaynak 
(1992) J. tijolfchem. 267: 25220-25227 and U.S. 5,266,683); (Celeste et ai: ^991) PNAS 87: 
20 9843-9847^; (Lyons et al (1989 ) PNAS 86: 4554-4558). These disclosures ^sbribe the amino 
acid and DNA sequences, as well as the chemical and physical characteristics of these 
morphogeni&^Steins. See also Wozney et al (1988) Science 242: 1528-153%®MP-9 
(WO 93/004^ published January 7, 1993); DPP (Padgett et al (1987) 7^pf25: 81-84; and 
Vg-1 (Weefctf(1987) Cell 51: 861-867). 

25 Morphogens are expressed naturally in a variety of tissues during devdbipmem, including 

those of the developing nervous system (Ozkaynak, et al (1990) EMBO J: ^:^S$-2093; 
Ozkaynak, etal (1991) Biochem. Biophys. Res, Commun. 179: 1 16-123; Ozk^yrtak, et al (1992) 
supra). 

Vascular diseases of the nervous system rank first in frequency amorigsf Mf the neurologic 
30 diseases; they constitute about fifty percent of all neurologic hospital admissiohs to adult : wards. 
The cardinal feature of cerebrovascular disease is the stroke, a term that connotes the sudden and 
dramatic development of a focal neurologic deficit. Obstruction of a nutrient artery supplying a 
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lopi*$pef£the central nervous system by, for example, a thrombus or an embolus or a failure of the 
sy^el^ circulation and hypotension, if severe and prolonged enough, can deprive brain tissue of 
blood and oxygen, leading to disruption of physiologic function, subsequent death of neurons, and 
nec^os.isJi ; nfarction) of the affected locus. In hemorrhagic infarction, an extravasation of blood 
occ ^!§li*%* nei brain tissue, the subarachnoid space, or both. Damage results from physical 
disrupupn^f the region directly involved and pressure of the mass of blood on the surrounding 
tissue. . .; 

the neurologic deficit in a stroke reflects both the location and the size of the infarct or 
hemori;h|g| r: in the brain. Hemiplegia is the classic sign of vascular disease and occurs with 
strokes i^ojving the cerebral hemisphere or the brainstem. However, depending on its location, 
a stroke^njg^ aiso give rise to many other manifestations accompanying or independent of 
hemiplegia^cluding numbness, sensory deficit, dysphasia, blindness, diplopia, dizziness, and 
dysarthria. ., 

Patients who suffer a "stroke," or any other form of cerebral ische^ortraumatic injury, 
usually recover partially, but often remain mildly to severely debilitated. %r example, total 
infarction of the middle cerebral artery in a human results in a contraiateral^miplegia, 
hemianesthesia; homonymous hemiahopia, global or total sensorimotor ap^a (left hemisphere), 
and apractagtiiosia (right hemisphere). Once established, the motor, sensory, :^nd language deficits 
Usually remain static or very little improved after the passage of months or ^en y ears. Seldom 
20 can the patient ever again communicate effectively. Currently, aside from pl^t^jherapy, there 
is no treatment that reliably improves the prognosis of a patient who has su^ed ; a stroke or any 
similar injury. of ; the central nervous system. 

Summary of the Invention , 

The present invention is directed to methods and compositions for »e^«mt of mammals 
25 afflicted with ah ischemic or traumatic injury of the central nervous system. I^lifiiiular, the 
invention provides treatments for mammals in whom central nervous system tis^las been 
damaged or lost due to stroke or a similar disruption in blood flow, or due t63nf$H&>n of physical 
(e.g. , mechanical) trauma affecting the central nervous system. The methods a^bmpositions 
provided herein capitalize upon the discovery that administration of a morphoge|g45uch a 
mammal provide?; significant improvement in central nervous system function. e^enj^hen 
administered after central nervous system tissue has been damaged. The methbd^>%^plye the 
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2m^^0ii'of dimeric proteins defined as morphogens, inducers of theselmdrphogens, or 
■&g&&$^We corresponding morphogen receptors, or implantation of ceils stimulated by 
ex^Qs^iil^he morphogens, 

Accordingly, the invention features a method for treating a mammal who has suffered an 
5 injury to the central nervous system, such as a stroke or a traumatic injury. The method involves 
admimsteiiig an effective dose of morphogen to the mammal at least six hours after the onset of 
the injury; for example, twelve, twenty-four, or forty-eight hours or even longer following the 
onset of raj§fy : 

the treatment regimen according to the invention is carried out in terms of administration 
10 mode, timing of the administration, and dosage, so that the functional recovery from impairment 
of the central nervous system is enhanced. The compositions of the present invention will contain 
therapeuticaliy-effective amounts of the morphogen, morphogen inducers or agonists of 
morphogen receptors. That is, the compositions will contain an amount which provides 
appropriate Concentrations of the agent to the affected nervous system tissue for a time sufficient 
1 5 to stimulate a detectable restoration of centra! nervous system function, up to and including a 
complete i0|fcation thereof. The effective amount of morphogen can be provided in a single 
administration -in two administrations or in a plurality of administrations. Where the effective 
amount of riiorphogen is provided in a plurality of administrations, the morphogen is preferably 
administered to the mammal daily. In an alternative preferred embodiment, therijiorphogen is 
20 administered to the mammal biweekly (e.g., every three or four days). In a ftMSher alternative 
preferred embodiment, the morphogen is administered to the mammal once a week. 

Practice of the invention confers significant clinical benefit on the af&lGief mammal, in that 
the invention beneficially confers clinically relevant improvement in at least one of the mammal's 
motor coordination functions (e.g., posture, balance, grasp, gait), sensory perceptions (e.g., 
25 vision, touch, taste, olfaction, proprioception), or speech. Clinically relevant improvement can 
range from a detectable improvement to a complete restoration of an impaired or lost central 
nervous function. 

The invention can be used to treat adverse consequences of central nervous system injuries 
that result from a variety of conditions. Thrombus, embolus, and systemic hypotension are among 
30 the most common Causes of stroke. Other injuries may be caused by hypertensibiiphypertensive 
cerebral vascular disease, rupture of an aneurysm, an angioma, blood dyscrasia^ocatdiac failure, 
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ee&&mW$st; cardiogenic shock, kidney failure, septic shock, head trauma, spinal cord trauma. 
sei^SMeeding from a tumor, or other loss of blood volume and/or pressure. Administration of 
a mo^ipeh according to the invention confers significant clinical benefit, even when 
admimstration occurs a significant amount of time following the injury. 

5 generally, the morphogens useful in the methods and compositions of the invention are 

dimeric proteins that induce morphogenesis of one or more eukaryotic mammalian) cells, 
tissues otforgans. Of particular interest herein are morphogens that induce morphogenesis at least 
ofbon^brneural tissue. Morphogens comprise a pair of polypeptides that, when folded, adopt a 
configuration sufficient for the resulting dimeric protein to elicit morphogehetic responses in cells 
) and tissues displaying receptors specific for said morphogen. That is, the morphogens generally 
induce a cascade of events including all of the following in a morphogemcally.pennissive 
environmeht^ stimulating proliferation of progenitor ceils; stimulating ^differentiation of 
progenitor fieUs; stimulating the proliferation of differentiated cells; and starting the growth 
and maintenaace of differentiated cells. "Progenitor" cells are uncommitte^ps that are 
competent ^ differentiate into one or more specific types of differentiated ^eUs, depending on 
their genomic repertoire and . the tissue specificity of the permissive environment, in which 
morphogenesis is induced. Morphogens further can delay or mitigate the <^ r of senescence- or 
quiescence-associated loss of phenotype and/or tissue function. Morphogens^stijl forther can 
stimulate phenotypic expression of differentiated cells, including expression qjg^abolic and/or 
functional, e.g., secretory, properties thereof. In addition, morphogens can induce 
redifferentiatiqn of committed cells under appropriate environmemal conditions. 'As noted above, 
morphogens that induce proliferation and/or differentiation at least of neural tfiue; and/or 
support the growth, maintenance and/or functional properties of neural tissue, %e of particular 
interest herein. See, for example, WO 92/15323, WO 93/04692 and WO 94/03200 for more 
detailed disclosures as to the tissue morphogenic properties of these proteins. * 

As used herein, the terms "morphogen," "bone morphogen," "bone-pK^hogenic 
protein," "BMP," "morphogenic protein" and "morphogenetic protein" airernprace the class 
or proteins typified by human osteogenic protein 1 (hOP-1). Nucleotide and amino acid 
sequences for hOP-1 are provided in SEQ ID NOs: 4 and 5, respectively. For ease of 
description, hOP-1 is recited herein below as a representative osteogenic protein, "it will be 
appreciated by the artisan of ordinary skill in the art, however, that OP- 1 merely Js 
representative of the TGF-0 subclass of true tissue morphogens competent to act as' 
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morp^gfe^proteins, and is not intended to limit the description. Othej known, and useful 
protes^ctude, BMP-2, BMP-3. BMP-3b, BMP-4, BMP-5, BMP-6, BMP-8. BMP-9, 
BM^p^U, BMP-12, BMP-13. BMP-15, GDF-1 , GDF-2. GDF-3, GDF-5 , GDF-6, 
GDF-7; GpF-8. GDF-9, GDF-10, GDF-1 1. GDF-1 2, NODAL, UNIV1N, SCREW, ADMP, 
5 N£U r R$p|fl{J. morphogenically active amino acid variants thereof. Thus, in one embodiment , 
prefer^firphogenic proteins, include but are not limited to, OP-1, OP-2, BMP-2, BMP-4, 
BMP-5 r » .agt ; SMP-6. In addition, as will be appreciated by the artisan of ordinary skill in the 
art any,fni i of; the morphogenic proteins recited herein also could be used as a reference 
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10 '1&&$giher preferred embodiment, the proteins useful in the invention include 

biological^ Relive species (phylogenetic) variants of any of me morphogenic proteins recited 
herein, including conservative amino acid sequence variants, proteins encoded by degenerate 
nucleotide s#|ijience variants, and morphogenically active proteins sharing the conserved seven 
cysteine ski^on as defined herein and encoded by a DNA sequence competent to hybridize 
15 under standarl stringency conditions to a DNA sequence encoding a morphogenic protein 
disclosed heflin, including, without limitation, OP-1 and BMP-2 or BMP«4. In still another 
embodiinentr«seful morphogens include those sharing the conserved seven ^cysteine domain 
and shanhgHir least 70% amino acid sequence homology (similarity) withm the C-terminal 
active doniint df a reference morphogen sequence, as defined herein below. 3n a preferred 
20 embodiment^e reference sequence is OP-1. 

In stff another embodiment, the morphogens useful in the methods an! compositions of 
the inventioncah be denned as morphogenically active proteins having any one of the generic 
sequences de^ed herein, including OPX and Generic Sequences 7 and 8 (SEQ ID NOs. 1 and 2 
respectively), or Generic Sequences 9 and 10 (SEQ ID NOs: 6 and 7, respectively). OPX 
25 accommodates the homologies between the various species of the osteogenic OP- 1 and OP-2 
proteins, and is described by the amino acid sequence presented herein below and in SEQ ID 
NO. 3 . Generic sequence 9 is a 96 amino acid sequence containing the six epiine skeleton 
defined by hOP 1 (residues 33 5-43 1 of SEQ ID NO: 5) and wherein the remaining fesidues 
accommodate the homologies of OP-1, OP-2, OP-3, BMP-2. BMP-3, BMP-4^Bt$£P-5, BMP-6, 
BMP-8, BMP-9, BMP-10, BMP-1 1, BMP-15, GDF-1, GDF-3, GDF-5, GDF^o. GDF-7, GDF-8, 
GDF-9, GDF-10, GDF-1 1, UNIVIR NODAL. DORS ALIN, NEURAL, SCRE^'and ADMP. 
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Tfeat^ ^ch of the hon-cysteine residues is independently selected from the corresponding 
residue in this recited group of proteins. Generic Sequence 10 is a 102 amino acid sequence 
whi§h^lides a 5 amino acid sequence added to the N-terminus of the Generic Sequence 9 and 
definesltftt^seven cysteine skeleton defined by hOP-1 (330-431 SEQ ID NQ: 5). Generic 
Seque^e$if:and 8 are 96 and 102 amino acid sequences, respectively, containing either the six 
cysteifil^etbn (Generic Sequence 7) or the seven cysteine skeleton (Generic Sequence 8) 
defined#^®P-l and wherein the remaining residues non-cysteine accomodate the homologies 
otmimmz* OP-3, BMP-2, BMP-3, BMP-4, 60A, DPP, Vgl, BMP.5,iBMP-6, Vgr-1, and 

_ Asi||itemplated herein, the family of morphogenic proteins descSBeW herein includes 



longer forms of a given protein, as well as phylogenetic, e.g. , species arid^ allelic variants, and 
biosynthetic mutants, including C-terminal addition and deletion mutants aid variants, such as 
those which may alter the conserved C-terminal cysteine skeleton, providedmt the alteration still 
allows the protein to form a dimeric species having a conformation capabl# ©f mducing neural 
tissue formation in a mammal when provided to a morphogenically permis^ site in a mammal. 
In addition, the morphogenic proteins useful in the invention may include fofn* having varying 
glycosylauon patterns and varying N-termini, may be naturally occurring w^o^ynthetically 
derived, and may be produced by expression of recombinant DNA in prokar^^or eucaryotic 
host cells. The proteins are active as a single species (e.g., as homodimers^u^ng chimeras), 
Or combined as a mixed species, including heterodimers. ; 

Of particular interest herein are morphogens which, when provided t&frfeural tissue of a 
mammal, induce or maintain the normal state of differentiation and growthlM^iissue. In a 
currently preferred demonstrative embodiment, the present rnorphogens indlic#il^liriduce a 
developmental cascade of cellular and molecular events that culminates in thi fiction of 
vertebrate central nervous system tissue. In other preferred demonstrative eiii|ftents, the 
present morphogens similarly induce the formation of other vertebrate (e.g.ayil 
body tissues, such as but not limited to bone, cartilage, bone marrow, ligament 
periodontium, liver, kidney, lung, heart or gastrointestinal lining. The present 
be carried out in the context of developing, embryonic tissue, or at an aseptic; 
site in postrembryonic tissue; 1 Particularly preferred morphogens induce or tri; 
formation cascade in a developing mammalian or avian embryo that culminate 
one or more functionally integrated elements of central or peripheral nervous s* 
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rao^j^^svcan be used to treat a mammal afflicted with ischemic or traumatic injury of the 
xeii^^p^us^system. 

: ^^^i^^esent invention alternatively can be practiced with methods and compositions 
cdtriff^^ morphogen inducer in lieu of a morphogen. A "morphogen inducer" is a compound 

5 that ^idiiftes the in vivo production {i.e., transcription, translation, and/or secretion) of a 
thera^|®|eS^^efFective concentration of an endogenous morphogen in the body of a mammal. 
An-^.^^^i^^^pbncentratibn is sufficient to promote the regeneration or maintenance of neural 
tissue ^|lif4o inhibit additional loss thereof Such compounds are understood to include 
substances which, when administered to a mammal, act on cells that normally are competent to 

10 produce ?f^jar secrete a morphogen encoded within the genome of the mammal, and which cause 
the endoge^qus level of the morphogen to be increased. Endogenous or administered 
morphpg^l fap act as endocrine, paracrine or autocrine factors. That is, endogenous 
morphoge^ean be synthesized by the cells in which the morphogenetic res^on$es are induced, by 
neighbors ice lis, or by cells of a distant tissue, in which case the secreted endogenous 

1 5 moiptog$| transported to the site of morphogenesis, e.g. , by the individttal's bloodstream. In 
preferred ;0i^|^4iments, the inducer stimulates expression and/or secretion of an endogenous 
morphogen :$? to increase iainpunts thereof available in neural tissue. 

Itfsi^^ther embodiments, an agent which acts as an agonist of a m^cphogen receptor 
may be adrhihistered instead of the morphogen itself An "agonist" of a receptor is a compound 

20 which binds to the receptor, and for which the result of such binding is similar to the result of 
binding tte^a^al, endogenous ligand of the receptor. That is, the compound must, upon 
interaction -y^; the receptor, produce the same or substantially similar transmembrane and/or 
intracellular ■§ fjfects as the endogenous ligand. Thus, an agonist of a morpho|p receptor binds to 
the receptor aad such binding has the same or a functionally similar result as morphogen binding 

25 {e.g. , induction of morphogenesis). The activity or potency of an agonist cah be less than that of 
the natural ligand, in which case the agonist is said to be a "partial agonist," or it can be equal to 
or greater than that of the natural ligand, in which case it is said to be a "full agonist." Thus, for 
example, a small peptide or other molecule which can mimic the activity of a motephpgen in 
binding to and activating the morphogeny receptor may be employed as an equiyalent^ 

30 morphogen- Preferably the agonist is a full agonist, but partial morphogen receptor agonists may 
also be advantageously employed. Methods of identifying such agonists are known in the art and 
include assay? for compounds which induce morphogen-mediated responses (e.^., induction of 
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difletf iftia^dn of metanephric mesenchyme, induction of endochondral bone formation, and the 
Hk%)^f<jiaih agonist may also be referred to as a mofphogen "mimic," Vmimetic." or "analog." 

The morphogens, inducers and agonists of the invention may be administered by any route 
of administration which is compatible with the selected agent, including by intravenous, 
subcu$ffif$lis, intramuscular, ophthalmic, intraperitoneal, buccal, rectal, vaginal, intraorbital, oral, 
intracerebral, intracranial, intraspinal, intraventricular, intrathecal, intracisternal, intracapsular, 
intrai?asa|^rvby aerosol administration and may be formulated with any pharmaceutical^ 
acceptable;|gpier appropriate to the route of administration. In addition, various growth factors, 
hormot^s^|pymes, therapeutic compositions, antibiotics, or other bioactive agents can be 
co-adminjs$sred with the morphogen. Thus, various known growth factors such as NGF, EGF, 
PDGF, IGE, FGF, TGF-a : and TGF-0, as well as enzymes, enzyme inhibitors and/or 
chemoattractant/ chemotactic factors, can be combined with the morphogen and be delivered to 
the defect locus. 



•'■ -» i 



the^i^thod of the invention advantageously stimulates restoration of central nervous 
15 system function even when practiced hours, or even days, following an injury to the central 
nervous systenj. The invention thus significantly improves on the treatmenl^pions available 
when central nervous system injury occurs and is not diagnosed or treated fSjftSib' the death of 
involved tissue. ^ 

The preferred methods, material, and examples that will now be described are illustrative 
20 only and are not intended to be limiting. Other features and advantages of tj^yention will be 
apparent from the following detailed description, and from the claims. f ** 5 

Brief Description of the Drawings 

FIG. 1, presents the percent amino acid sequence identity and percent amino acid 
sequence homology ("similarity") that various members of the family of morp^pnic proteins as 
5 defined herein share with OP-1 in the C-terminal seven cysteine domain; ^^t^i 

FIG. 2A-2B are line graphs depicting fbrelimb placing (2A) and hindlinl^acing (2B) 
scores of affected (left) limbs of OP-1 treated animals (10 ^g/intracisternal injefllfi; total OP- 1 
delivered in 8 injections=80 ug/animal; N=7; solid squares) and vehicle treated animals (N=7 
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*t iSI18& ..-3 A-3B are line graphs depicting balance beam (3 A) and postural reflex (3B) scores 
in 0$h F,msated animals (10 jig/intracisternal injection; total OP- 1 delivered in 8 injections=80 
^g/^^^^«7; solid squares) and vehicle treated animals (1^-7 animals, open squares); 

is a line graph depicting body-weight of OP- 1 -treated animals (1 0 Mg/intracisternal 
5 inj^eti^^teOP-1 delivered in 8 injections=80 ng/animal; N~7; solid squares) and 
vehicl^i^iiit animals (N=7; open squares); 

FK5S. 5A-5B are line graphs depicting forelimb placing scores without (5 A) and with 
whisker pSIS (5B) of affected (left) limbs of High dose OP- 1 -treated animals 
(10 ^g/to^||^^!te^nal injection; total OP-1 delivered in 2 injections=20 ug/animal; N=9 animals; 
10 solid squares), Low dose OP-l-treated animals (1 ug/intracisternal injection; total OP-1 delivered 
in 2 injectipns=2 ug/animal; N=8 animals; open squares), and vehicle-treated animals (N=9, open 
circles);' • : ' 

FIG. 6 is a line graph depicting hindlimb placing scores of affected (left) limbs of High 

dose OP-lSprted animals (10 ug/intracisternal injection; total OP-1 delivered in 2 
1 5 injecticms=2Q ^g/animal; N=9 animals; solid squares), Low dose OP- 1 -treated animals 

(1 |Ag/intraiS|Brnal injection; total OP-1 delivered in 2 injections^ ug/ammal; N=8 animals; open 

squares), and- vehicle-treated animals (N=9, open circles); 

FJG 7:isa line graph depicting body-weight of High dose OP-l-treated animals 

(10 ug/intr.a(^f||inal injection; total OP-1 delivered in 2 injections=20 ug/animal; N=9 animals; 
20 solid squares), Low dose OP- 1 -treated animals (1 ug/intracisternal injection; total OP-1 

delivered=2 jig in 2 injections/animal; N=8 animals; open squares), and vehicfe*treated animals 

(N»9, open circles); 

FIGS; 8A-8B are line graphs depicting forelimb placing scores without (iA) and with 
whisker placing (8B) of affected (left) limbs of OP- 1 -treated animals ( 1 0 ug/ihtracistej3ial 
25 injection; N=6 animals; solid squares) and vehicle-treated animals (N=8, opeh^quares); 

FIG. 9 is a line graph depicting hindlimb placing scores of affected (tefti'limbs of affected 
(left) limbs of OP- 1 -treated animals (10 ug/intracisternal injection; N=6 animife solid squares) 
and vehicle-treated animals (N=8, open squares); and 
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r.s i^jrj J 0 . is a lin g, ^pj, depicting body-weight of OP- 1 -treated animals 
(10 ^|?iitfacisternal injection; N=6 animals; solid squares) and vehicle-treated animals (N-8, 
opehrsqu'arei): 

• '•; . ... 

Detailed Description of Preferred Embodiments 

A. r General 

; lhfe present invention depends, in pan, upon the surprising discovery that functional 
recoy^fifewing stroke or traumatic injury of the central nervous system is significantly 
enhan^^^the.aanximstration of a morphogen, even when administered after, affected tissue has 
^uceuin^l?^ the injury and after central nervous system function has beepmpaired or lost. 
Mosfsurprisingly, practice of the invention does not affect (e.g., reduce), the volume or extent of 
affected (^grcted) tissue. Thus, the invention capitalizes upon the discovery that functional 
central nervous system restoration can be achieved notwithstanding the loss of tissue originally 
occupying a^slroke or traumatic injury loss. Significant (detectable; cUnicaify relevant) restoration 
of CNS function can be obtained with even a single administration of a thefapwiticaliy-effective 
15 dose of a morphogen. 

T1 ?e indention features a method for treating a mammal whs has suffered an injury to the 
central nerves, system, such as stroke or a traumatic injury. The method iSKves administering a 
moi?hogen*o#e affected mammal at least six hours after onset of the inju^Nfbr example twelve, 
twenty-four, forty-eight hours, or even longer following injury. No practical ^ point the 
therapeutic window in which the invention can be practiced has yet been established. The 
invention can be used to treat one or more adverse consequences of central i^ptis system injury 
that arise from a variety of conditions. Thrombus, embolus, and systemic hypSnsion are among 
the most common causes of stroke: Other injuries may be caused by hyperfel^Sypertensive 
cerebral vascular disease, rupture of ah aneurysm, an angioma, blood dyscrai#Sa|ailc failure, 
25 cardiac arrest, cardiogenic shock, kidney failure, septic shock, head trauma; ^pfl&rd trauma, 
seizure, bleeding from a tumor, or other loss of blood volume or pressure. ' TMfifeiries lead to 
disruption of physiologic function, subsequent death of neurons, and necrosis ^r$M$ta)' of the 
affected areas. The term "stroke" connotes the resulting sudden and dramatic hffe^gic deficits 
associated with any of the foregoing injuries. ^;wMY .; . 

30 The terms "ischemia" or "ischemic episode," as used herein, mean any cSlfttance that 

results in a deficient supply of blood to a tissue. Thus, a central nervous system ischemic episode 
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results from ah insufficiency or interruption in the blood supply to any locu$ of the brain such as, 
but n^#^$etf to, a locus of the cerebrum, cerebellum or brain stem. The spinal cord, which is 
also a part of the central nervous system, is equally susceptible to ischemia resulting from 
diminished blood flow. An ischemic episode may be caused by a constriction or obstruction of a 
blood vessel, as occurs in the case of a thrombus or embolus. Alternatively, the ischemic episode 
may result from any form of compromised cardiac function, including cardiac arrest, as described 
above;: %)llfe the deficiency is sufficiently severe and prolonged, it can lead to disruption of 
physibfo^^nction, subsequent death of neurons, and necrosis (infarction) Of the affected areas. 
The e^^^typt of neurologic abnormality resulting from the injury depend on the location 
and size infarct or the focus of ischemia. Where the ischemia is associated with a stroke, it 
can be e^i^^ebal or focal in extent. 

The terra "focal ischemia," as used herein in reference to the central nervous system, 
means the condition that results from the blockage of a single artery that supplies blood to the 

brain or spinal cord, resulting in the death of all cellular elements (pan-necrosis) in the territory 

: '^k&$^< ' ■■■■■■ . 

i supplied by that artery. 



The term "global ischemia," as used herein in reference to the central nervous system, 
means the condition that jesults from a general diminution of blood flow to the entire brain, 
forebrain, bripmal cord, which causes the delayed death of neurons, particularly those in 
raetabolicaiiy active loci, throughout these tissues. The pathology in each Of these cases is quite 
3 different, as 'Sifthe clinical con-elates. Models of focal ischemia apply to patients with focal 
cerebral infarction, while models of global ischemia are analogous to cardia^aftest, and other 
causes of systemic hypotension. 

It is expected that the invention will also be useful for treating traumatic injuries to the 
central nervous system that are caused by mechanical forces, such as a blow to the head. Trauma 
>5 can involve a tissue insult selected from abrasion, incision, contusion, puncture, compression, etc., 
such as can, arise from traumatic contact of a foreign object with any locus of % appurtenant to 
the mammalian head, neck or vertebral column. Other forms of traumatic injury can arise from 
constriction or compression of mammalian CNS tissue by an inappropriate accumulation of fluid 
(e.g., a blockade or dysfunction of normal cerebrospinal fluid, or vitreous humor fluid production, 
30 turnover or volume regulation, or a subdural or intracranial hematoma or edema). Similarly, 
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t^ute^|fec>fistnction of compression can arise from the presence of a mass of abnormal tissue, 
suchi^^siwetastatic or primary tumor. 

■ B> Biochemical, Structural and Functional Properties of Useful Morphogenic 

^^imop.^- ;• 'Proteins 

MrSti&mted above, a protein is morphogenic as defined herein if it induces the developmental 
cascad^^eHular and molecular events that culminate in the formation of new, organ-specific 
tissue. In g|e preferred embodiment, a morphogen is a dimeric protein comprising a pair of 
polypeptidJ ; chains, each chain having a sequence that corresponds to or is. functionally equivalent 
to at leas^gi conserved C-terminal six or seven cysteine skeleton of human OP- 1, included in 
SEQ Ip r^O: 5, and/or which shares 70% amino acid sequence homology with OP- 1 in this 
region ^morphogens generally are competent to induce a cascade of events including all of 
the following, in a morphogenically permissive environment: stimulating p^fferation of 
progenitor cells; stimulating the differentiation of progenitor ceils; stimulates the proliferation of 
differentiated cells; and supporting the growth and maintenance of differentiated cells. Under 
appropriatejeohditions the morphogens also are competent to induce redjfferen&ition of 
committed cells, particularly of cells that have strayed from their "normal" alftfehtiation 
pathway. Details of how the morphogens useful in this invention first were^eStified, as well as a 
description oh how to make, use and test them for morphogenic activity are^cRssed in 
numerous pubncations, including U.S. 5,011,691, 5,266,683, and the internktiohai application 
publications WO 92/15323; WO 93/04692; WO 94/03200. As disclosed ther^th% morphogens 
can be purified/from naturally-sourced material or recombinant^ produced n^nfprbkaryotic or 
eukaryotic host tells, using the genetic sequences disclosed therein. Altemati^^hovel 
morphogenic sequences can be identified following the procedures disclosed^in? 

Naturally, occurring proteins identified and/or appreciated herein to bet§ejbsue-- 
morphogenic proteins and useful in the methods and compositions of the invention form a distinct 
subgroup within the loose evolutionary grouping of sequence-related proteins khpwn as the 
TGF-p superfamily or supergene family. The naturally occurring morphogens sltlM substantia! 
amino acid sequence homology in their C-terminal regions (domains). Typicaflyffelbove- 
mentioned naturally occurring morphogens are translated as a precursor, havihf llS&fminal 
signal peptide sequence, typically less than about 35 residues in length, followedfy%^ro'' 
domain that is cleaved to yield the mature protein, which includes the biologicktty Iftve ; ; 
C-terminaJ domain. The signal peptide is cleaved rapidly upon translation, at a cSiy^e ii'te that 
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caiMfeifipiiSied: in a given sequence using the method of Von Heijne ( 1 986) Nucleic A cids 
Research 14: 4683-4691 . The pro domain typically is about three times larger than the fully 
prqc^ll^l^ire C-terminal domain. Under native conditions the protein is secreted as a mature 
dimer Md the cleaved pro domain can be associated therewith to form a protein complex, 
5 pre^ift^^ to lihprove the solubility of the mature dimeric protein. Typically, the complex form 
of a m^ftciien is more soluble than the mature form under physiological conditions, 

Natural-sourced morphogenic protein in its mature, native form, typically is a glycosylated 

dimer, typically having an apparent molecular weight of about 30-36 kDa as determined by SDS- 

" . 

PAGE. Wi^it reduced, the 30 kDa protein gives rise to two glycosylated polypeptide subunits 
10 having apparent molecular weights in the range of about 16 kDa and 18 kDa. The unglycosylated 
dimeric prated, which also has morphogenic activity, typically has an apparent molecular weight 
in the ranges about 27 kDa. When reduced, the 27 kDa protein gives rise to two unglycosylated 
polypepti^ ^ving molecular weights typically in the range of about 14 kD&td 16 kDa. 

Ia r |^^pred embodiments, the each of the polypeptide chains of a dimeric morphogenic 
15 protein aLS ^fiped herein comprises an amino acid sequence sharing a defined relationship with an 
amino aci^ ^^race of a reference morphogen. In one embodiment, preferred morphogenic 
polypeptide fljains share* defined relationship with a sequence present in morjphogenically active 
human OP-1, SJ£Q ID NO: 5. However, any one or more of the naturally occurring or 
biosyntheti^^rjphogenic proteins disclosed herein similarly could be used ^ p reference 
20 sequence, Pre^frred morphogenic polypeptide chains share a defined relationship with at least the 
C-texmii^ s^^teine domain of human OP- 1 ? residues 335-431 ofSEQID ^p: 5. Preferably, 
morphogenip^polypeptide chains share a defined relationship with at least the germinal seven 
cysteine domain of human OP- 1 , residues 330-431 of SEQ ID NO: 5. That b> preferred 
polypeptide chains in a dimeric protein with tissue morphogenic activity each comprise a sequence 
25 that corresponds to a reference sequence or is functionally equivalent thereto. 

Functionally equivalent sequences include functionally equivalent arra^piments of cysteine 
residues disposed within the reference sequence, including amino acid insertions or deletions 
which alter the linear arrangement of these cysteines, but do not materially impair ^heir 
relationship in the folded structure of the dimeric morphogen protein, including their ability to , 
30 form such intra-, or inter-chain disulfide bonds as may be necessary for morphogeny activity. For 
example naturally occurring morphogens have been described in which at least one internal 
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c^et|lff(ofohe'residue; BMP2) or insertion (of four residues; GDF-1) is present but does not 
abf^lairbiological activity. Functionally equivalent sequences further include those wherein one 
or m#e anEiino acid residues tiiffer from the corresponding residue of a reference sequence, e.g. , 
the e-tefftiinal seven cysteine domain (also referred to herein as the conserved seven cysteine 
5 skeiet6h)~6f human OP- 1 , provided that this difference does not destroy tissue morphogenic 
activity? Accordingly, conservative substitutions of corresponding amino acids in the reference 
sequence* are preferred. Amino acid residues that are ,f conservative substitutions" for 
corresponding residues in a reference sequence are those that are physical^ functionally similar 
to the tolrisponding reference residues, e.g., that have similar size, shapSpeetric charge, 
10 chenMca |»TOperties including the ability to form covalent or hydrogen bOTdsf-br the like. 
Panicu^^eferred conservative substitutions are those fulfilling the critSraa defined for an 
accepted-plW mutation in Dayhoff et al. (1978), 5 Atlas of Protein Sequelae and Structure, 
Suppl. 3, chi 22 (pp. 354-352), Natl. Biomed. Res. Found., Washington, ^.€y 20007, the 
teachings of which are incorporated by reference herein. Examples of conservative substitutions 
15 include: Opervative substitutions typically include the substitution of o^ ammo acid for 
anomer wim similar characteristics, e.g., substitutions within the following^ups: valine, 
glycine; glycine, alanine; valine, isoleucine, leucine; aspartic acid, glutaimca^^paragine, 
glutamine; serine, threonine; lysine, arginine; and phenylalanine, tyrosine. mm®m "conservative 
variation" afe lkludes the use of a substituted amino acid in place of an unS^tuted parent 
0 amino acid prodded that antibodies raised to the substituted polypeptide a|s^nmunoreact with 
the unsubstitMie^jpolypeptide. 

. As described elsewhere herein, the class of morphogenic proteins use^Athe methods 
and compositions of the invention is typified by human osteogenic protein (h^#>AOther 
morphogenic proteins useful in the practice of the invention include raorphogef^py active forms 
Pf OP-1, OP-2, f OP-3, BMP-2, BMP-3, BMP-4, BMP-5, BMP-6, BMP-9, fipft^ Vgr, 60A ' 
protein, GDE-1, GDF-3, GDF-5, GDF-6, GDF-7, BMP- 10, BMP-1 1, BMP-;li||^*i5, 
UNIVIN, NODAL, SCREW, ADMP or NEURAL and amino acid sequericejv^p^hereof In 
one currently preferred embodiment, osteogenic protein include any one ofr-O^pfei, OP-3, 
BMP-2, BMP-4, BMP-5, BMP-6, BMP-9, and amino acid sequence variantsiiltoogs 
thereof, including species homologs, thereof. . ^ v 

Publications disclosing these sequences, as well as their chemical and ph^ical properties, 
include: OP- J andOP-2. U.S. 5,01 1,691, U.S. 5,266,683, Ozkaynak et al. (199^1^0/ 9. 
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^Smm£^-3: WO 94/1 0203 (PCT US93/1 0520); BMP-2;BMP*3, BMP-4: WO 88/00205, 
Wqz^^^X1988) Science 242: 1528-1534); BMP-5 and BMP-6: Ce\$s\e et ai (1991) PNAS 
8^^^§00I^ Vgr-l\ Lyons etal (1989) PNAS 86: 4554-4558; DPP: Padgett et al (1987) 
NaimW0^fZUS4\ Vg-1: Weeks (1987) Cell 51: 861-867; WO 95/33830 

5 (P^l|i^^084); BMPrlO: WO 94/26893 (PCT/US94/05290); BMP-1I: WO 94/26892 
(PCT#^g(f ?88); BMP*b2\ WO 95/16035 (PCT/US94/ 14030); BMPM WO 95/16035 
(PCT/M^^j*030); GDFrl\ WO 92/00382 (PCT/US9 1/04096) and Lee e/ (1991) 
4250^igi^/^: WO 94/21681 (PCT/US94/03019); GDF-P: WO 94/15966 
(PCT/USa4/f0685); GDF-10: WO 95/10539 (PCT/US94/1 1440); GDF-11: WO 96/01845 

10 (PCT/^#^Q«S43); BMP-J5:WO 96/36710 (PCT/US96/06540); MP121: WO 96/01316 
(PGT/ft^I|552); GDF-5 (CDMP-l MP 52): WO 94/15949 (PCT/US94/00657) and 
WO 9;6/*^^^PCT/US94/I2814) and WO 93/16099 (PCT/EP93/003 50); QDF-6 (CDMP-2, 
BMPil3)-^0^ 9SIO 1 80 1 (PCT/US 94/07762) and WO 96/14335 and WO 95/1:0635 
(PCT/Usii^30); GDF*7 (CDMP-3, BMP- J 2): WO 95/10802 (PCT/US94/07799) and 

15 WO 95/10^^ PCT/US94/14030). In another embodiment, useful protein? include biologically 
active biqspishptic constructs, including novel biosynthetic morphogenic proteins and chimeric 
proteb$4e$|gned using sequences from two or more known morphogens. See also the 
biosyntheti®!$®^tructs disclosed in U.S. Pat. 5,01 1,691, the disclosure of wliich is incorporated 
herein by rc^ence {e.g., COM, COP-3, COP-4, COP-5, COP-7, and COP- 16). 

20 In preferred embodiments, useful morphogenic proteins include those in which the 

amino acid sequences comprise a sequence sharing at least 70% amino acid sequence homology 
or "similarj^^ and preferably 80% homology or similarity with a reference 4^||pbogenic protein 
selected frofti^te foregoing naturally occurring proteins. Preferably, the ref^e^j>rdtein is 
human OP- ?4*pd the reference sequence thereof is the C-terminal seven cysft^js ^pmain present 

25 in osteogenicaity, active forms of human OP- 1 , residues 330-43 1 of SEQ ED N0; 5 . Useful 

morphogenic proteins accordingly include allelic, phylogenetic counterpart ar^^feerviariants of 
the preferred reference sequence, whether naturally-occurring or biosynthet^a^^ (e.g., 
including "muteps" or "mutant proteins 1 '), as well as novel members of the g^e|^^orphogenic 
family of proteins including those set forth and identified above. Certain particularly preferred 

30 morphogenic polypeptides share at least 60% amino acid identity with the preferred reference 
sequence of human OP-1, still more preferably at least 65% amino acid identity therewith. 
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T- =- : • ^sf^eiiaiir embodiments,, a polypeptide suspected of being functionally equivalent to a 
reference mprphogen polypeptide is aligned therewith using the method of Needleman, et al. 
^^PuMP 1 - . 8 ' 01 - 48:443-453, implemented conveniently by computer programs such as the 
M « n iafJ am (DNAstar, Inc.). As noted above, internal gaps and amino acid insertions in the 
Candida^ sequence are ignored for purposes of calculating the defined relationship, 
conventionaUy expressed as a level of amino acid sequence homology or identity, between the 
candida^ f |nd,reference sequences. "Amino acid sequence homology" is understood herein to 
include ^h amino acid sequence identity and similarity. Homologous sequences share identical 
and/or sim|af, amino acid residues, where similar residues are conservation substitutions for, or 
"aiflow^d ;pp.mwauons" of, corresponding amino acid residues in an aligned reference 
sequence..,|hus, a candidate polypeptide sequence that shares 70% amino acid homology with a 
reference sequence is one in which any 70% of the aligned residues are eith^ identical to, or are 
conservativ^substitutions of, the corresponding residues in a reference sequ^le. In a currently 
preferred embodiment, the reference sequence is OP- 1 . 

, Fl^tecltes the percent amino acid sequence homology (similari^^^ercent identity 
within the €%tenninal seven cysteine domain of various representative mem|sers;of the TGF-J3 
family, using OP-1 as the reference sequence. The percent homologies recited in the figure are 
calculated with the sequences aligned essentially following the method ofNeedieman, et al. 
( 1 970) J. Mol. Biol. , 48: 443-453 , calculated using the Align Program (DNAstaxi Inc.). 
Insertions and deletions from the reference morphogen sequence, here the C-terroinal, biologically 
active seven-cysteine domain or skeleton of hOP-1 , are ignored for purposes ^calculation. 

As is apparent to one of ordinary skill in the art reviewing the sequence#or the proteins 
listed in FIG 1, significant amino acid changes can be made from the reference ^Uence while 
retaining morphogenic activity. For example, while the GDF-i protein sequeh^hares only 
about 50% amino acid identity with the hOP-1 sequence described herein, the sequence 
shares greater than 70% amino acid sequence homology with the hOP- 1 sequence, whfcre 
"homology" is as defined above. Moreover, GDF-1 contains a four amino acid Ssert (Gly-Gly- 
Pro-Pro) between the two residues corresponding to residue 37i and 373 of OpSf ^SEQ ID NO: 
5). Similarly, BMP-3 has a "extra" residue, a valine, inserted between the two^dues^' 
corresponding to residues 385 and 386 of hOP-1 (SEQ ID NO: 5). Also, BMP^and'BMP-4 
both are "missing" the amino acid residue corresponding to residue 3 89 of OP-1 (SEQ ID NO: 5) 
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' Noi^i^ise deviations" from the reference sequence appear to interfere with biological 

'activit^:©^^ ' 

In other preferred embodiments, the family of morphogenic polypeptides useful in the 
present invention, and members thereof, are defined by a generic amino acid sequence. For 

5 example, Generic Sequence 7 (SEQ ID NO: 1) and Generic Sequence 8 (SEQ ID NO: 2) 

disdlos^^bw, accommodate the homologies shared among preferred protein family members 
identified td ciate, including at least OP-1, OP-2, OP-3, CBMP-2A, CBMP^B, BMP-3, 60A, 
DPp;i^l|^iS>.5, BMP-6, Vgr-1, and GDF-1. The amino acid sequences for these proteins are 
descfiW^^|«a anchor in the art, as summarized above. The generic sequences include both the 

10 amino acid identity shared by these sequences in the C -terminal domain, defined by the six and 

seven cysta^e- skeletons (Generic Sequences 7 and 8, respectively), as well as alternative residues 
for the variafe positions within the sequence. The generic sequences provide an appropriate 
cysteine skeleton where inter- or intramolecular disulfide bonds can form, and contain certain 
critical amino acids likely to influence the tertiary structure of the folded proteins. In addition, the 

15 generic seqtiinces allow for an additional cysteine at position 36 (Generic Sequence 7) or position 
41 (Generic Sequence 8), thereby encompassing the raorphogenicaUy active sequences of OP-2 



andOP-3? 



Generic Sequence 7 (SEQ ID NO: 1) 
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^e|$$^ac1j Xaa independently is selected from a group of one or more specified amino acids 
defined follows: "Res. " means "residue" and Xaa at res: 2 « (Tyr of Lys); Xaa at res. 3 = Val 
or He); Xaa at res. 4 = (Ser, Asp or Glu); Xaa at res. 6 = (Arg, Gin, Ser, Lys or Ala); Xaa at 
res. 7 * (Asp or Glu); Xaa at res. 8 = (Leu, Va! or He); Xaa at res. 1 1 = (Gin, Leu, Asp, His, Asn 
or Ser); Xaa at res. 12 = (Asp, Arg, Asn or Glu); Xaa at res. 13 = (Trp or Ser); Xaa at res. 14 = 
Ql^m^i Xaa at res. 1 5 = (He or Val); Xaa at res. 1 6 (Ala or Ser); Xaa/at res. 1 8 = (Glu, Gin. 
Leu, Ly&vfSro or Arg); Xaa at res. 1 9 = (Gly or Ser); Xaa at res. 20 = (Tyr or Phe); Xaa at 
res. -2:1 Ser, Asp, Met, His, Girt, Leu or Gly); Xaa at res. 23 » (Tyr, Asn or Phe); Xaa at 

res . ,2©>^plu, His, Tyr, Asp, Gin, Ala or Ser); Xaa at res: 28 = (Glu, Lys,-. Asp, Gin or Ala); Xaa 
at res. 3© -s^Ala, Ser, Pro, Gin, lie or Asn); Xaa at res. 3 1 = (Phe, Leu or Tyr); Xaa at res. 33 = 
(Leu, Val or Met); Xaa at res, 34 - (Asn, Asp, Ala, Thr or Pro); Xaa atfes, ; 35 - (Ser, Asp, Glu, 
Leu ' ^^tl^ ^ at rcs - 36 " CTy. Cys, His, Ser or He); Xaa at res. 37 = (Met, Phe, Gly or 
Leu); Xaa^ires. 38 = (Asn, Ser or Lys); Xaa at res. 39 - (Ala, Ser, Gly of Prp); Xaa at res. 40 = 
(thr, Leu oi; Ser); Xaa at res. 44 - (He, Val or Thr); Xaa at res. 45 = (Vat Leu, Met or He); Xaa 

kt res: 4 fe8^ or Arg); at res ' 47 = t Thr - M& or Ser >; X ^ at res. 4f^|Leu or He); Xaa at 
res 49 7 WS?* Met ); Xaa at res. 50 = (His, Asn or Arg); Xaa at res. 5 1 J (phe, Leu, Asn, Ser, 
Ala or Val); Xaa at res. 52 « (He, Met, Asn, Ala, Val, Gly or Leu); Xaa at r?s. 53 - (Asn, Lys, 
Ala, Glu, Gly or Phe); Xaa at res. 54 = (Pro, Ser or Val); Xaa at res. 55 =|Su" Asp, Asn Gly 
Val, Pro or v L^s); Xaa at res. 56 = (Thr, Ala, Val, Lys, Asp, tyr, Ser, Gly, K pi- His); Xaa at 
res - 57 = (Val? Ala or lie); Xaa at res. 58 = (Pro or Asp); Xaa at res. 59 = (^sJCeu or Glu) Xaa 
at res. 60 = (Pro, Val or Ala); Xaa at res. 63 = (Ala or Val); Xaa at res. 65 = (Thr, Ala or Glu)- 

at res -'M~ L y s > M Z or Glu); Xaa at res. 67 = (Leu, Met or Val)plaJ at res. 68 = 
(Asn, Ser, Asp or Gly); Xaa at res. 69 = (Ala, Pro or Ser); Xaa at res. 70=fSe; ? thr" Val or LeuV 
Xaa at res. 71 - (Ser, Ala or Pro); Xaa at res. 72 - (Val, Leu, Met or He); XMaWes. 74 - (Tyr 
or Phe); Xaa at res.«75 = (Phe, Tyr, Leu or His); Xaa at res. 76 = (Asp, Asn o* Leu); Xaa at 
res. 77 = (Asp, Glu, Asn, Arg or Ser); Xaa at res. 78 = (Ser, Gin, Asn, Tyr or Asp); Xaa at 
res. 79 - (Ser, Asn, Asp, Glu or Lys); Xaa at res. 80 = (Asn, Thr or Lys); Xaalf re S : 82 - (He, 
Val or Asn); Xaa at res. 84 = (Lys or Arg); Xaa at res. 85 = (Lys, Asn, Gin, Arg or Val); Xaa 
at res: 86 - (tyr, Glu or His); Xaa at res. 87 - (Arg, Gin, Glu or Pro); Xaa atSs;;j|8 = (Asn, Glu, 
Trp or Asp); Xaa at res. 90 = (Val, Thr, Ala or He); Xaa at res. 92 = (Arg, Lysf^al; Asp, Gin or 
Glu); Xaa at res. 93 = (Ala, Gly, Glu or Ser); Xaa at res. 95 - (Gly or Ala) and X# at res; 97 - 
(His or Arg). ^'\:' v 
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p i ^^cric Sequence 8 (SEQ ID NO: 2) includes all of Generic Sequence 7 (SEQ ID NO: 1) 
ai^^r^^icin includes the following sequence (SEQ ID NO: 8) at its N-terminus: 



Cys 
1 



Xaa 
5 



SEQ ED NO: 8 

Xaa Xaa Xaa 

• • : : 

Accordftii^l beginning with residue 7, each "Xaa" in Generic Sequence 8 is a specified amino 
5 acid deli^^ for Generic Sequence 7, with the distinction that each residue number described 
for GibSsi^^quence 7 is shifted by five in Generic Sequence 8. Thus, "Xaa iat res. 2 =(Tyr or 
Lys) 11 in^l^^c Sequence 7 refers to Xaa at res. 7 in Generic Sequence 8, Ih Generic Sequence 
8, Xaa af'ir^^ 85 (Lys, Arg, Ala or Gin); Xaa at res. 3 = (Lys, Arg or Met); Xaa at res. 4 = (His, 
Arg or Glnji and Xaa at res. 5 « (Glu, Ser, His, Gly, Arg, Pro, Thr, or Tyr): 

10 In a^<||her embodiment, useful osteogenic proteins include those defined by Generic 

Sequences 9 and 10 (SEQ ID NOs: 6 and 7, respectively), described herein abbve. Specifically, 
Generic Sequences 9 and 10 are composite amino acid sequences of the following proteins: 
human QPvl; human OP-2, human OP-3, human BMP-2, human BMP-3, human BMP-4, human 
BMP-5, hwmm BMP-6, human BMP-8, human BMP-9, human BMP- 1 0, hulian BMP- 1 1 , 
15 Drosophila 60 A, Xenopus Vg-1, sea urchin UNIVTN, human CDMP-1 (moiise GDF-5), human 
CDMP-2 (mouse GDF-6, human BMP-13), human CDMP-3 (mouse GDF-7^ human BMP-12), 
mouse GDF-3, human GDF-1, mouse GDF-1, chicken DORSALIN, Droscptiite dpp, Drosophila 
SCREW, mouse NODAL, mouse GDF-8, human GDF-8, mouie GDF-9, mqlse GDF-1 0, human 
GDF-1 1, m^se GDF-1 1, human BMP- 15, and rat BMP-3b. Like Generic Sequence 7, Generic 
20 Sequence 9 accommodates the C-tenninal six cysteine skeleton and, like Qeitisiric Sequence 8, 
Generic Sequence 10 accommodates the seven cysteine skeleton. 



Generic Sequence 9 (SEQ ID NO: 6) 



Xaa 


Xaa 


Xaa 


Xaa 


Xaa 


Xaa 


Xaa 


Xaa 


Xaa . 




1 








5 . 








10 


Xaa 


Xaa 


Xaa 


Xaa 


Xaa 
15 


Xaa 


Pro ' 


Xaa 


Xaa-C^ 


*\* 


Xaa 


Xaa. 


Xaa 


Xaa 


Cys 
25 


Xaa 


Gly 


Xaa ■ 




30 


Xaa 


Xaa . 


Xaa 


Xaa 


Xaa 

35 


Xaa 


Xaa 


Xaa 


Xaa^ J 

m 


h m 



20 
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Xatf 


Xaa . • 


v Xaa " 


Xaa 


Xaa 


WOO 


Aaa 


Aaa 


Xaa 


Xaa 


Xaa 


V Xaa 


Xaa 


Xaa 


45 
Xaa 


Xaa 


A.aa 


Aaa 


Xaa 


50 
Xaa 


Xaa 




Xaa 


Pro 


55 
Xaa 


Yaa 


Acta 


Xaa 


: Xaa 


60 
Xaa 


'Xaa 


Xaa 


Leu 




. 65 

Ada 


Xaa 


Xaa 


Xaa 


Xaa 


70 
Xaa 


Xaa 


: -^aa' '■ 


Xaa 


Xaa 


: 75 
Xaa 


. Xaa 


Xaa 


Xaa 


iXaa 


80 
Xaa 


Xaa 




Xaa 


Cys 


85 
Xaa 


Cys 


Xaa 






90 



95 



wherein ea^fa Xaa is independently selected from a group of one or more specified amino acids 
defined as fallows: "Res. " means "residue" and Xaa at res. 1 = (Phe, Leu orGlu); Xaa at res. 2 = 
(Tyr, Phe^, Arg, Thr, Lys, Gin, Val or Glu); Xaa at res. 3 = (Val, lie, Le^ pr Asp); Xaa at 
res. 4 m (Se^Asp, Glu, Asn or Phe); Xaa at res. 5 = (Phe or Glu); Xaa atps^- (Arg, Gin, Lys, 
Ser, Glu,Alaor Asn); Xaa at res. 7 = (Asp, Glu, Leu, Ala or Gin); Xaa.«^%- (Leu, Val, 
Met, Be oi^She); Xaa at res. 9 = (Gly, His or Lys); Xaa at res. 10 = (Trp or^t); Xaa at res. 11 = 
(Gin, Leu, His, Glu, Asn, Asp, Ser or Gly); Xaa at res. 12 = (Asp, Asn, Ser, v Lys, Arg, Glu or 
His); Xaa at ces. 13 = (Trp or Ser); Xaa at res. 14 = (He or Val); Xaa at re^k(ne or Val); 
Xaa at res. Mm (Ala, Ser, Tyr or Trp); Xaa at res. 18 = (Glu, Lys, Gin, Met^jPro, Leu, Arg, His 
or Lys); Xaa at res. 19 - (Gly, Glu, Asp, Lys, Ser, Gin, Arg or Phe); Xaa at r^2p == (Tyr or 
Phe); Xaa at res. 21 - (Ala, Ser, Gly, Met, Gin, His, Glu, Asp, Leu, Asn, .LyJ^hr); Xaa at 
res. 22 - (Ala or Pro); Xaa at res. 23 = (Tyr, Phe, Asn, Ala or Arg); Xaa at r^,24 = (Tyr, His, 
Glu, Phe or Arg); Xaa at res. 26 = (Glu, Asp, Ala, Ser, Tyr, His, Lys, Arfc^G^Sly); Xaa at 
res. 28 - (Glu, Asp, Leu, Val, Lys, Gly, Thr, Ala or Gin); Xaa at res. 30 = (Ala! Ser, He, Asn, 
Pro, Glu, Asp, Phe, Gin or Leu); Xaa at res. 31 = (Phe, Tyr, Leu, Asn, Gly or.^rg); Xaa at 
res. 32 - (Pro, Ser, Ala or Val); Xaa at res. 33 = (Leu, Met, Glu, Phe or Va$ s< 34 = 
(Asn, Asp, Thr, Gly, Ala, Arg, Leu or Pro); Xaa at res. 35 « (Ser, Ala, <3u,:aS|^ Leu, Lys, 
Gin or His); Xaa at res. 36 = (Tyr, His, Cys, lie, Arg, Asp, Asn, Lys, Ser, Glu orGly); Xaa at 



res. 37 = (Met, Leu, Phe, Val, Gly or tyr); Xaa at res. 38 = (Asn, Glu, Thr, Pro! Lys. His, Gly, 
Met, Val or Arg); Xaa at res. 39 = (Ala, Ser. Gly, Pro or Phe); Xaa at res. 40 -^^Leu! 
Pro, His or Met); Xaa at res. 41 - (Asn. Lys, Val, Thr or Gin); Xaa at res. 42 = (^s, Tyr or Lys); 
Xaa at res : 43 - (Ala, Thr, Leu or Tyr); Xaa at res. 44 - (He, Thr, Val, Phe. Tyr, ';K*e* or Pro); 
Xaa at res. 45 = (Val, Leu, Met, He or His); Xaa at res. 46 = (Gin, Arg or Thr); Xaajatres. 47 = 
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(Th^ie^Alai' Asn or His); Xaa at res. 48 - (Leu, Asn or He); Xaa at res. .49 - (Val, Met, Leu. 
Pro Jorlte}; Xaa at res. 50 « (His, Asn, Arg, Lys, Tyr or Gin); Xaa at res. 5 1 = (Phe, Leu, Ser. 
As^l^BAla, Arg, Glu, Gly or Gin); Xaa at res. 52 - (He, Met, Leu, Val, Lys, Gin, Ala or Tyr); 
Xm&0m: = (Asn, Phe, Lys, Glu, Asp, Ala, Gin, Gly, Leu or Val); Xaa at res. 54 - (Pro, Asn, 

5 Ser/ValorAsp); Xaa at res. 55 - (Glu, Asp, Asn, Lys, Arg, Ser, Gly, Thr, Gin, Pro or His); Xaa 
at res. 56 ? (thr, His, Tyr, Ala, He, Lys, Asp, Ser, Gly or Arg); Xaa at res. 57 ■ (Vat, He, Thr, 
Ala, Leu or Ser); Xaa at res. 58 = (Pro, Gly, Ser, Asp or Ala); Xaa at res. 59 = (Lys, Leu, Pro, 
Ala, Ser, Glu, Arg or Gly); Xaa at res. 60 = (Pro, Ala, Val, Thr or Ser); Xaa at res. 61 = (Cys, 
Val or Ser); Xaa at res. 63 = (Ala, Val or Thr); Xaa at res. 65 - (Thr, Ala, Glu, Val, Gly, Asp or 

10 Tyr); Xaa at res. 66 = (Gin, Lys, Glu, Arg or Val); Xaa at res. 67 = (Leu, Met, Thr or Tyr); Xaa 
at res 68#i^h, Ser, Gly, thr, Asp, Glu, Lys or Val); Xaa at res. 69 = (Ala, Pro, Gly or Ser); 
Xaa at res'tffe* (He, Thr, Leu or Val); Xaa at res. 71 = (Ser, Pro, Ala, Thr; Asn or Gly); Xaa at 
res. 2 *|\SiSe, Leu or Met); Xaa at res. 74 - (Tyr, Phe, Arg, Thr, Tyr or Met); Xaa at 
res. 75 = tplef ; tyr, His, Leu, He, Lys, Gin or Val); Xaa at res. 76 = (Asp 4 Leu, Asn or Glu); Xaa 

15 at res. 77 4$ip, Ser, Arg, Asn, Glu, Ala, Lys, Gly or Pro); Xaa at res. 78 * (Ser, Asn, Asp, Tyr, 
Ala, Gly, dhifMet, Glu, Asn or Lys); Xaa at res. 79 = (Ser, Ash, Glu, Asp, Val Lys, Gly, Gin or 
Arg); Xaa atles. 80 - (Asn, Lys, Thr, Pro, Val, He, Arg, Ser or Gin); Xaa at res. 81 - (Val, He, 
Thr or Ala);%aa at res. "82 - (He, Asn, Val, Leu, Tyr, Asp or Ala); Xaa at res. 83 - (Leu, Tyr, 
Lys or He^ X^l at res. 84 - (Lys, Arg, Asn, Tyr, Phe, Thr, Glu or Gly); Xaa at res. 85 = (Lys, 

20 Arg, His, Gin,. Asn, Glu or Val); Xaa at res. 86 = (Tyr, His, Glu or He); Xaaiatres. 87 - (Arg, 
Glu, Gin, Pro^r Lys); Xaa at res. 88 - (Asn, Asp, Ala, Glu, Gly or Lys); Xaa at res. 89 - (Met or 
Ala); Xaa aties! 90 - (Val, lie, Ala, Thr, Ser or Lys); Xaa at res. 91 = (Val^-Ala); Xaa at 
res. 92 = (A^ Lys, Gin, Asp, Glu, Val, Ala, Ser or Thr); Xaa at res. 93 = (I^Ser, Glu, Gly, 
Arg or Thr)pXaaatres. 95 = (Gly, Ala or Thr); Xaa at res. 97 = (His, Arg, G^Leuor Ser). 

25 Further, afterres 53 in rBMP-3b and mGDF-10 there is anile; after res. 54&&3DF-1 there is a 
T; after res. 54 in BMP-3 there is a V; after res. 78 in BMP-8 and Dorsalin tWete is a G; after 
res. 37 in hGDF-1 there is Pro, Gly, Gly, Pro. 

Generic Sequence 10 (SEQ ID NO: 7) includes all of Generic Sequenced (SEQ ID NO . 
6) and in addition includes the following sequence (SEQ ID NO: 9) at its N-terminus: 

30 SEQ ED NO: 9 

Cys Xaa Xaa Xaa Xaa 

i 5 
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Accordingly, beginning with residue 6, each "Xaa" in Generic Sequence 10 is a specified amino 
acid-defined as for Generic Sequence 9, with the distinction that each residue number described 
for Generic Sequence 9 is shifted by five in Generic Sequence 10. Thus, "Xaa at res. 1 =( Tyr, 
Phe, His,-A]rg, Thr, Lys, Gin, Val or Glu)" in Generic Sequence 9 refers to Xaa at res. 6 in 
5 Generic;S||uence 10. In Generic Sequence 10, Xaa at res. 2 = (Lys, Arg, Gin, Ser, His, Glu, 
Ala, or Cys); Xaa at res. 3 '- (Lys, Arg, Met, Lys, Thr, Leu, Tyr, or Ala); Xaa at res. 4 - (His, 
Gin, Axg, Lys, Thr, Leu, Val, Pro, or Tyr); and Xaa at res. 5 = (Gin, Thr, His, Arg, Pro, Ser, Ala. 
Gin, Asn, Tyr, Lys, Asp, or Leu). 

W n alignment of the naturally ocairring morphogens wi^n the definition of 
10 Generic Setpence 10, it should be clear that gaps and/or insertions of one or more amino acid 
residues.ca|p^tolerated (without abrogating biological activity) at least between or involving 
residues 11 -f2 f 42-43, 59-60, 68-69 and 83-84. '''' 

'• As nbted above . certain currently preferred morphogenic polypepti^eiisequences useful in 
, this inventibrifaave greater than 60% identity, preferably greater than 65% identity, with the 
15 amino acid sequence defining the preferred reference sequence of hOP- 1 . T*^e particularly 
preferred sequences include allelic and phylogenetic counterpart variants of ; i$fr OP- 1 and OP-2 
proteins, including the Drosophila 60A protein, as well as the closely related proteins BMP-5 
BMP-6 and ygr-1. Accordingly, in certain particularly preferred embodiment^ useful 
morphogenic proteins include active proteins comprising pairs of polypeptide chains within the 
20 generic anuno^id sequence herein referred to as "OPX" (SEQ ID NO: 3), ^g|h defines the 
seven cysteine skeleton and accommodates the homologies between several identified variants of 

°M- Accordingly, each "Xaa" at a given position in OPX independently is selected 
from the residues occurring at the corresponding position in the C-terminal sej|t^ of mouse or 
human OP-1 or OP-2. Specifically, each "Xaa" is independently selected from a group of one or 
25 more specified apino acids as defined below: y~ 



.-= 'j'^-'-Si ^ - ; 

■yyi y- 
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Cys . X4d;.^aa, His Glu Leu Tyr Val Ser Phe Xaa Asp Leu Gly Trp Xaa Asp Trp. 

:^m^^^^' r t 5 10 ' ' X5 

■-■^^^^^^^ : ^<> ' Xa * Gly. Tyr Xaa Ala Tyr Tyr Cys Glu Gly Glu Cys Xaa Phe Pro 
■ ~ ? 20- ; ; V. 25 30 35 

5 Leu ^a^#*%Caa Met Asn Ala Thr Asn His Ala lie Xaa Gin Xaa Leu Val His kaa 

'. i#P,.' :• 45 .. . 50 • , - 5.5 ;'■ 

Xaa Xaa Pro Xaa Xaa Val Pro Lys Xaa Cys Cys Ala Pro Thr Xaa Leu Xaa Ala 

55 > : u 60 65 70: 

Xaa Ser 1 Val Leu Tyr Xaa Asp Xaa Ser Xaa Asn Val He Leu Xaa Lys Xaa Arg 
10 75*" - * ; »^%-^->'. 80' 85 90 

Asn Met Val Val Xaa Ala Cys Gly Cys His, 

wherein Xka^at res. 2 - (Lys or Arg); Xaa at res. 3 = (Lys or Arg); Xaa at res. 1 1 = (Arg or Gin); 

Xaaif ffiSJ« (Gin or Leu); Xaa at res. 19 = (De or Val); Xaa at res. 23 = (Glu or Gin); Xaa at 
15 res. 26 ^ (Ala or Ser); Xaa at res. 35 = (Ala or Ser); Xaa at res. 39 - (Asn or Asp); Xaa at 

res. 4 1 = (fyr or Cys); Xaa at res. 50 = (Val or Leu); Xaa at res. 52 = (Ser of Thr); Xaa at 

res. 56= (f*Me or Leu); Xaa at res. 57 ■ (lie or Met); Xaa at res. 58 = (Asn of Lys); Xaa at 

res. 60 ^ fP#i^sp or Asn); Xaa at res. 61 « (Thr, Ala or Val); Xaa at res 65 = (Pro or Ala); 

Xaa at ^t&s^0^¥ (Gin or Lys); Xaa at res. 73 * (Asn or Ser); Xaa at res. 75 or thr); Xaa at 
20 res. 80 -^tt^iSr Tyr); Xaa at res. 82 « (Asp or Ser); Xaa at res. 84 = <Ser o^Ash); Xaa at 

res.- 89 ; « Arg); Xaa at res 91 = (Tyr or His); and Xaa ai res. 97 = (#fcor Lys). 

In still another preferred embodiment, useful morphogenically activ6 proteins have 
polypeptide chains with amino acid sequences comprising a sequence encodi^by a nucleic acid 
that hybridizes, under low, medium or high stringency hybridization conditibi^rtb DNA or RNA 

25 encoding rtferlxice morphogen sequences, e.g., C-terminal sequences defining t&e conserved 

seven cystem^ domains ofOP-l, OP-2, BMP-2, BMP-4, BMP-5, BMP-6, 6©^^0DF-3, GDF-5, 
GDF-6, GDF-7 and the like. As used herein, high stringency hybridization conditions are defined 
as hybridization according to known techniques in 40% formamide, 5 X SSi^i^ X Denhardt's 
Solution, and 0.1% SDS at 37°C overnight, and washing in 0.1 X SSPE, 0.1 % SDS at 50°C. 

30 Standard stringency conditions are well characterized in standard molecular biology cloning texts. 
See, for example, Molecular Cloning A Laboratory Manual, 2nd Ed., ed. by Sambrook, Fritsch 
and Maniatis (Cold Spring Harbor Laboratory Press: 1989); DNA Cloning, Volumes I and II 
(D.N. Glover ed., 1985); Oligonucleotide Synthesis (M.J. Gait ed., 1984): Nucleic Acid 
Hybridization (B. D. Hames & S.J. Higgins eds. 1984); and B. Perbal, A Practical Guide To 

35 Molecular Cloning (1984). 
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• : >;^f;^>«^«rdmBly, the morphogenic proteins useful in the materials ahd,methods of this ; 
iri^elfeitan include proteins comprising any of the polypeptide chains described above, whether 
isol&ifpwm naturally-occurring sources, or produced by recombinant DNA or other synthetic 
•• lee^ie^ 'and includes allelic and phylogenetic counterpart variants of tiiese proteins, as well as 
.Wos^Sfa Variants (muteins) thereof, and various truncated and fusion constructs. Deletion or 
addition mutants also are envisioned to be active, including those which may alter the conserved 
C-tenBig^jx or seven cysteine domain, provided that the alteration does not functionally disrupt 
the relationship of these cysteines in the folded structure.. Accordingly, such active forms are 
consider|4^e equivalent of the specifically described constructs discloseoV herein. The proteins 
may inc^^fo^ms having varying glycosylation patterns, varying N-tenn^ a family of related 
proteins hav^g regions of amino acid sequence homology, and active tru^cjited or mutated forms 
of native grj#iosynthetic proteins, produced by expression of recombmant^jslA in host cells. 

The ione morphogenic proteins contemplated herein, can be expressedvfrom intact or 
truncated cfeNA or from synthetic DNAs in prokaryotic or eukaryotic host fells, and purified, 
Cleaved, refoBeo, and diraerized to form morphogenically active compositions^ Currently 
., preferred ho>t cells include, without limitation, prokaryotes,. including £ cc^ and eukaryotes, 
including yealVand mammalian cells, such as CHO, COS or BSC cells. One o| ordinary skill in 
the art will appreciate that other host cells, can be used to advantage. Detailed^escriptions of the 
morphogenicpiroteins useful in the practice of this invention, including how^iMafce; use and test 
them for activity, are disclosed in numerous publications, including those rejcj^dlherein, the 
disclosures of which are incorporated by reference herein. Accordingly, using^ndard molecular 
biology texts apd procedures, and the knowledge available in the art, the ski^^aetic 
engineer/molecular biologist can isolate genes from cDNA or genomic libraries «f various 
aitterent biological species, which encode appropriate amino acid sequences- 6|^nsmict DNAs 
from oligonucleotides, and then can express them in various types of host celkj&uding both 
prokaryotes and eukaryotes, to produce large quantities of active proteins capaSle^f stimulating 
neural tissue morphogenesis in a mammal. -Xfi':'-, '>/;'■ 

In other embodiments, as an alternative to the administration of a morjm^nic protein, an 
effective amount of an agent competent to stimulate or induce increased endo^^morphogen 
expression in a mammal may be administered by any of the routes described hele^Sch an 
inducer of a morphogen may be provided to a mammal, e.g., by systemic admlm^lpi fo the 
mammal or by direct administration to the neural tissue. A method for identif^rigSfeting 
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rerg^stimulating agents) competent to modulate the levels of endogenous morphogens in a 
^et&described in detail in published applications WO 93/05 1 72 and WO 93/0575 1 , the 
teaehl^t^f which are incorporated herein by reference. Briefly, candidate compounds can be 
ideip$#^d tested by incubation in vitro with a test tissue or cells thereof, or a cultured cell line 
5 deri¥ed8$^ for a time sufficient to allow the compound to affect the production, i.e., the 
expre^i#^d/or secretion, of a morphogen produced by the cells of that tissue Suitable tissue, 
or cultured cells of a suitable tissue, preferably can be selected from renal epithelium, ovarian 
tissue, fibit^blasts, and osteoblasts. 

5 In yet other embodiments, an agent which acts as an agonist of a morphogen receptor may 
10 be adm£^ied ; instead of the morphogen itself. Such an agent may also be referred to an a 
morpMogJIlliSUc," "mimetic," or "analog. " Thus, for example, a small peptide or other 
molecii#?v®^ can mimic the activity of a morphogen in binding to and activating the 
morphogeMslfeceptor may be employed as an equivalent of the morphogen.:. Preferably the 
agonistiissp^l agonist, but partial morphogen receptor agonists may also le^vantageously 
is employed SfeAods of identifying such agonists are known in the art and include assays for 
compound#Jtffech induce morphogen-mediated responses (e.g., induction of differentiation of 
metanephilc^esenchyme, induction of endochondral bone formation). For example, methods of 
identifying" nl^rfhogen inducers or agonists of morphogen receptors may be f fpnd in US. Ser. 
No. 08/478,©97 filed June ?, 1995 and U.S. Ser. No. 08/507,598 filed July 20, 1995, the 
20 disclosures of "Which are incorporated herein by reference. 

Finally^ as described below, in other embodiments, cells may be implahted into the subject 
afflicted with an ischemic or traumatic injury of the central nervous system il order to serve as a 
source of morphogen and/or to provide a source of additional functional neur#tissue. Such cells 
may be host or donor cells which normally express morphogens, which have 66dh transformed so 
25 as to express morphogens, or which have been treated with morphogens to fhdifee differentiation. 

C. Mammals Eligible for Treatment 

As a general matter, the methods of the present invention may be applied to the treatment 
of any mammalian subject afflicted with stroke or a traumatic injury of the central nervous system. 
The method can be practiced with mammals in whom the stroke or other traumatic injury arose at 
30 least 6 hours before the start of treatment, for example as twelve, twenty-four or forty-eight hours 
or longer before treatment. Practice of the invention confers a significant clinical benefit on the 
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in that the invention beneficially confers a detectable, clinically significant 
iest®WLi$4W6f a central nervous system function as defined herein. The. invention is suitable for 
th^tfeajinent of any primate, preferably a higher primate such as a human. In addition, however, 
the inyeMibn may be employed in the treatment of domesticated mammals; which are maintained 
.5 as human companions (e.g., dogs, cats, horses), which have significant conpimercial value (e.g., 
goats,,pigs t! :§heep, cattle, sporting or draft animals), which have significant scientific value (e.g., 
captive ogfree specimens of endangered species, or inbred or engineered animal strains), or which 
other^seJijaye value. One of ordinary skill in the medical or veterinary arts is trained to 
recognize whether a mammal is afflicted with an ischemic or traumatic inju^of the central 
10 nervou?; Sy^tOT. For example, routine testing and/or clinical or veterinary diagnostic evaluation 
will rev^^ the mammal has acquired an impairment or loss of cemr^ jiervous system 
(e.^., neuralgic) function. Clinical and non-clinical indications, as well as accumulated 
experience^relating to the presently disclosed and other methods of treatment, should 
appropri^fe inform the skilled practitioner in deciding whether a given irtd^dtxal is afflicted with 
15 an ischemie ^r traumatic injury of the central nervous system and whether a^y particular treatment 



is best suited to the subject's needs, including treatment according to the p^sepit invention; 

D»i l^dihnulations.and IMethods of Treatment <>; ^ 

The mbrphogens, morphogen inducers, or agonists of morphogen re^ptbrs of the present 
invention niajr be administered by any route which is compatible with the pdM^^r morphogen, 
20 inducer, or agonist employed. Thus, as appropriate, administration may bi^^i^or parenteral, 
• kcludingintriyenous and intraperitoneal routes of administration. In additi|ii Administration 
may be by periodic injections of a bolus of the morphogen, inducer or ago^ffiF may be made 
more continuous by intravenous or intraperitoneal administration from a resil^iip which is 
external (e.g. t an i.v bag) or internal (e g., a bioerodable implknt, or a colbi$^ fenprlanted, 
25 morphogeh-producing cells). ; 

The therapeutic agents of the invention (i.e., morphogens, morphogi^^Sders or 
agonists of morphogen receptors) may be provided to an individual by anyHiti^ 
(e.g., locally, as by injection, implantation or topical administration to a tis^|^^5tor 
systemically {e.g., parenterally or orally). Where the agent is to be provided :^^llerally; such as 

30 by intravenous, subcutaneous, intramolecular, ophthalmic, intraperitoneal, \iiW^^^LZt^ buccal, 

■ • *" . ' ' ~\ ' ■■ ■■ % • 

rectal, vagiriail; intraorbital, intracerebral, intracranial, intraspinal, intraventric^p; ; |^thecal, 
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imrac^^Ij- intracapsular, intranasal or by aerosol administration the agent preferably comprises 
pa^ :©i|^^|£ieous solution. The solution is physiologically acceptable so that in addition to 
delive^oji^e desired agent to the patient, the solution does not otherwise adversely affect the 
patient^g^rolyte and/or volume balance. The aqueous medium for the agent thus can comprise 
normal^y^iogic saline 9.85% NaCl, 0. 15M, pH 7-7.4). 

If desired, a given morphogen or other agent may be made more soluble by association 
with a suitable molecule. For example, association of the mature morphogen dimer with the pro 
domain results in the pro form of the morphogen which typically is more soluble or dispersible in 
physiological solutions than the corresponding mature form. In fact, endogenous morphogens are 
thought to be'iransported (e.g., secreted and circulated) in the mammalian body in this form. This 
soluble form bf the protein can be obtained from culture medium of morphogen-secreting 
mammalian^^p, e.^., cells transfected with nucleic acid encoding and competent to express the 
morphogen." idteraatively, a soluble species can be formulated by complexing the mature, 
morphogenicaty active polypeptide dimer (or an active fragment thereof) with a morphogen pro 
15 domain or a $$ubility-enhancing fragment thereof. Solubility-eiihahcmg pro domain fragments 
can be any r^-telrniinal, C-terminal or internal fragment of the pro region of a filelnber of the 
morphogen family that complexes with the mature polypeptide dimer to enhance stability and/or 

•' ft ...... j 

dissolubUity^f|^s resulting noncovalent or convalent complex. Typically, useful fragments are 
those cleaved atxthe proteolytic site Arg-Xaa-Xaa-Arg. A detailed description of soluble complex 

20 forms ofmorphjogenic proteins, including how to make, test and use them, is described in 

WO 94/0360a^CT/US93/071 89). In the case of OP- 1 , useful pro domain fragments include the 
intact pro domain (residues 30-292) and fragments 48-292 or 158-292, all of Sc. ID No. 5. 
Another molec^ capable of enhancing solubility and particularly useful for or^administrations, 
is casein. For e^ajiple, addition of 0.2% casein increases solubility of the matui^active form of 

25 OP- 1 by 80%. Other components found in milk and/or various serum proteins also may be useful. 

Useful solutions for parenteral administration may be prepared by any of the methods well 
known in the pharmaceutical an, described, for example, in Remington's Pharmaceutical Sciences 
(Gennaro, A., jed.), Mack Pub., 1990. Formulations of the therapeutic agents of |he invention 
may include, for example, polyalkylene glycols such as polyethylene glycol, oils qf vegetable 
30 origin, hydrogeriated naphthalenes, and the like. Fonnulations for direct administration, in 
particular, may include glycerol and other compositions of high viscosity to help maintain the 
agent at the desired locus. Biocompatible, preferably bioresorbable, polymers, including, for 
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ex&hfje; ; hyaluronic acid, collagen, tricalcium phosphate, polybutyrate, lactide, and glycolide 
poiynlrl^d lactide/glycolide copolymers, may be useful excipients to control the release of the 
■agt0Sfci$f&0:. Other potentially useful parenteral delivery systems for these agents include 
ethylelefvihyl acetate copolymer particles, osmotic pumps, implantable infusion -systems, and 
5 liposdiiese ^Formulations for inhalation administration contain as excipients, for example, lactose, 
or may ; b*e aqueous solutions containing, for example, polyoxyethylene-9-lauryl ether, 
gJycotWM&and deoxycholate, or oily solutions for administration in the form of nasal drops, or 
as a gefcfolbjs applied intranasal^ Formulations for parenteral administration may also include 
glycocho^te for buccal administration, raethoxysalicylate for rectal administration, or cutric acid 
10 for yagin^ai^nistration. Suppositories for rectal administration also rna£.be prepared by rnixing 
the raorpbogen, inducer or agonist with a non-irritating excipieht such as cocoa butter or other 
compositi<J|tS;wnich are solid at room temperature and liquid at body temperatures. 

Fiiliiktions for topical administration to the skin surface may be^pared by dispersing 
the morphogeni inducer or agonist with a dermatologically acceptable carri^&jch as a lotion, 

15 cream, ointnlent or soap. Particularly useful are carriers capable of formin^lite or layer over 
the skin to localize application and inhibit removal. For topical administration to internal tissue 
surfaces, thesagent may be dispersed in a liquid tissue adhesive or other subs^ce known to 
enhance adsocption to a tissue surface. For example, hydroxypropylcellulosj Or 
fibrinogen/thrombin solutions may be used to advantage. Alternatively, tissueLcoating solutions 

0 such as peetin-cpntaining formulations may be used. 

Alternatively, the agents described herein may be administered ora%^^sadministration 
of proteins as therapeutics generally is not practiced as most proteins are reac&^egraded by 
digestive enzymes and acids in the mammalian digestive system before they ^c^iabsorbed into 
the bloodstream.: However, the morphogens described herein typically are acidi^ble and 
5 prptease-resistaht (see, for example, U.S . Pat, No. 4,968,590). In addition, at l^st one 

morphogen, GP- l , has been identified in mammary gland extract, colostrum^iJ%day milk. 
Moreover, ithe^OPr 1 purified from, mammary gland extract is moiphogemcally ^yeiand also is 
detected in the bloodstream. Maternal administration, via ingested milk, may^^|^wal delivery 
route of TGE-p superfamily proteins. Letterio, et al. ( 1 994), Science 264: 1 93||Sftrepon that 
:TGF-3 is present in murine milk, and that radiolabelled TGF-0 is absorbed by g^oiiiestihal 
mucosa of suckling juveniles. Labeled, ingested TGF-0 appears rapidly in irita^foiir^tfee' 
juveniles' body tissues, including lung, heart and liver. Finally, soluble form rribj^^0&g., 
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m^t^ associated with the pro domain, is morphogenically active. These findings, as 

vyle^^l^^disGlosed in the examples below, indicate that oral and parenteral administration are 
viable^ TGF-p superfamily proteins, including the morphogens, to an 

individ^£i#ii ^ addition, while the mature forms of certain morphogens described herein 1 typically 
5 are sp^st^soluble, the morphogen form found in milk (and mammary gland extract and 

colo stfi^& f eadily soluble, probably by association of the mature, morphogenically active form 
with j^1^0::of the pro domain of the expressed, full length polypeptide; s^qpence and/or by 
assoaa^^^ith one or more milk components. Accordingly, the compounds provided herein 
dso may ^ligociated with molecules capable of enhancing their solubility in yifroox in vivo. 

10 ' . ! - ^W^irtpiounds provided herein also may be associated with molecules capable of 

taig;etiijf j^^irphogen, inducer or agonist to the desired tissue; For sample, an antibody, 
antibody^S^PwIitj or other binding protein that interacts specifically with a surface molecule on 
cells of v thfi|^red tissue, may be used. Useful targeting molecules may be (designed, for example, 
using ;th9>^^|)^idiain binding site technology disclosed, for example, in U. S . ?at: No. 5,091,513. 

15 Targeting^lf^les can be covalently or non*covalently associated with the morphogen, inducer 
or agonist. ■ 

As ^^^be appreciated by one of ordinary skill in the art, the formulated compositions 
contain thex&i^^^ amounts of the morphogen, morphogen inducers or agonists of 

morphogen receptor s . That is, they contain an amount which provides appropriate concentrations 

20 of the agent to the affected nervous system tissue for a time sufficient to stimii&te a detectable 
restoration 6f central nervous system function, up to and including a complete restoration thereof. 
As will be apjbfcciated by those skilled in the art, these concentrations will \^^de]^ndihg upon a 
number of factors, including the biological efficacy of the selected /aBent,^9^?xnical 
characteristics^^. , hydrophobicity) of the specific agent, the formulation th*p.of* including a 

25 mixture with One or more excipients, the administration route, and the treatme^envfisioned, 

including whether the active ingredient will be administered directly into a tisspe 7 site, or whether 
it will be administered systemically. The preferred dosage to be administered, also is likely to 
depend on such variables such as the condition of the diseased or damaged tissues, and the overall 
health status of the particular mammal. As a general matter, single, daily, bi>yi^|^^r weekly 

30 dosages of 0.00001-1000 mg of a morphogen are sufficient with 0.0001-100 ^g^|g preferable, 
and 0.001 to 10 mg being even more preferable. Alternatively, a single, daily, tt^/e^ly or weekly 
dosage of 0,0 1-1000 jig/kg bpdy weight, more preferably 0.01-10 mg/kg body ^e^t, may be 
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• aW^ISgeously employed, the present effective dose can be administered in a single dose or in a 
plurafi^(^o or more) of installment doses, as desired or considered appropriate under the 
spedfi#%camstances. A- bolus injection or diffusable infusion formulation can be used. If 
.dieai^^fiualitate repeated or frequent infusions, implantation of a semi-permanent stent (e.g., 
5 intravenous; intraperitoneal, intracisternal or intracapsular) may be advisable. In Example 2 
below, intracisternal administration of 6-240 |ig/kg of the reference morphogen (hOP- 1 ) 
confe^edjcle^ly detectable levels of restoration of lost or impaired central nervous system 
fun^ianj^feshould be noted that no obvious morphogen induced patholpgicaj lesions arise when 
matur^Qigp^ihogen (e.g., OP- 1 , 20 mg) is administered daily to normal growing rats for 
10 21 conse^feevdays. Moreover, 10 mg systemic injections of moiphogen^^, OP-l) injected 
daily for 10 days into normal newborn mice does not produce any gross a^pr^alities. 

The morphogeny inducers or agonists of the invention may, of cqijr^ be administered 
alone or in |i|m|5ination with other molecules known to be beneficial in the treatment of the 
condition? ^gibed herein. For example, various well-known growth faciu^ hormones, 

15 enzymes, ^ejr?tpeutic compositions, antibiotics, or other bioactive agents c^also be administered 
with the n3^|^K>gea Thus, various known growth factors such as NGF,-^^|PDCJF, IGF, FGF, 
TGF-a , ^JfOF-p, as well as enzymes, enzyme inhibitors, antio^dants, l^l^anmiatory 
agents, free r^ical scavenging agents, antibiotics and/or chemoattractant/ci^fiiti^ctic factors, can 
be included in the present administratable morphogen formulation. To facUitat^xiptake by central 

20 nervous system tissue, the morphogeny inducers or agonists provided herein can be derivatized or 
conjugated to a lipophilic moiety or to a substance that is actively transported^cross the blood- 
brain barrier. <-s^*--y • 

Practice of the invention, including additional preferred aspects and ii^fediinents thereof, 
will be still mpre folly understood from the following examples, which are pll^^^lierein for 
25 illustration only and should not be construed as limiting the invention in any way! 

Example 1: Preparation of Soluble Morphogen Protein Solutions for Iii^fvp 
Administration ^•S&fi'fc* 

•-. A. Aqueous Solutions • \^ 

While the mature dimeric morphbgehic proteins defined 
30 only sparingly soluble in physiological buffers, they can be soiubilized to form ipcfllie solutions. 
One exemplary aqueous solution containing a morphogen can be made, for exii^W^issolving 
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or ^$^pjpg the morphogen in 50% ethanol containing acetonitrile in 0. 1% trifluoroacetic acid 
(TF^#^t% HCL or in an equivalent solvent. One volume of the resultant solution then is 
add^i'ftelgjsOTple, to ten volumes of phosphate buffered saline (PBS), which further may include 
OrldSJf^ifeian serum albumin (HSA) or a similar carrier protein; The resultant solution 
.pr^fi^i^i|:^0fctexed extensively to produce a physiologically acceptable morphogen 
forrnu 



P&^r embodiment; the morphogen, including OP-1, can be solubilized by reducing 
■ the^%j^^f^iiition. In oner currently prefexted'fonniilaUonVthe protein is solubilized in 0.2 
mM ifcetfi^^fer, pH 4.5, containing 5% mannitol, to render the solutiorimdre isotonic. Other 
10 standat^lll^^ibr creating physiologically acceptable formulations are contemplated to be within 

the slrtfe^irt. ' ; ,; ' * viV-"' 

B. Soluble Complex Formulations 

Anot|er currently preferred form of the morphogen useful herein, having improved 
solubility in aqueous solutions, is a dimeric morphogenic protein comprising at least the 

15 C -terminal seven cysteine domain characteristic of the morphogen family, fcdhiplexed with a 

peptide comprising a pro region of a member of the morphogen family, or a spliibility-enhancing 
fragment thereof, or an allelic, species or other sequence variant thereof Solubility-enhancing 
fragment can be any N-terminal or C-terminal fragment of the pro region of a member of the 
morphogen family that complexes with the mature polypeptide dimer to enhance the stability of 

20 the soluble cdmpex. Preferably, the dimeric morphogenic protein is compl^i with two pro 
region peptides. 

As described above and in published application WO 94/03600, the teachings of which are 
incorporated herein by reference, the soluble complex form can be isolated firdiri the cell culture 
media (or a body fluid) under appropriate conditions. Alternatively, the complex can be 
25 formulated in vitro. 

Soluble morphogen complexes can be isolated from conditioned media ilsiig a simple, 
three step chromatographic protocol performed in the absence of denaturants. ^ The protocol 
involves runqing the media (or body fluid) over an affinity column, followed by ipp exchange and 
gel filtration chromatographies generally as described in WO 94/03600. The a&nity column 
30 described below is a Zn-IMAC column. The example used OP-1 and is not intended to be 
limiting. The present protocol has general applicability to the purification of a vpiety of 
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m6if§lpais; all of which are anticipated to be isolatable using only minor modifications of the 
pr6toc#u%eribed. below. An alternative protocol also envisioned to have utility includes an 
inmnunoaJBhity column, created using standard procedures and, for example, using antibody 
specifil^f i given morphogen pro domain (complexed, for example, to a protein A-conjugated 
5 SepHarote icolumn). Protocols for developing immunoaffinity columns are: well described in the 
art^see^folf Example, Guide to Protein Purification, M. Deutscher, ed., Academic Press, San 
Diego,'f 9I0, particularly sections VII and XI thereof). 

In this example, OP-1 was expressed in mammalian (CHO, Chinese hamster ovary) cells 
as describea ih the art (see, for example, international application US90/05903 (WO 91/05802). 
0,,'.... The Ci4p||ft conditioned media containing 0.5% FBS is initially purified usiing Immobilized 

Metal^bhiSnity Chromatography (IMAC). The soluble OP-1 complex '&mk conditioned media 
binds very slrectively to the Zn-IMAC resin and a high concentration of ir^iazjole (50 raM 
iniidazole, pi#8.0) is required for the effective elution of the hound complj^t^he Zn-OMAC 
purified solubte OP- 1 is next applied to an S-Sepharose action-exchange c<^gi^ equilibrated in 
20 mM Nal@S (pH 7.0) with 50 mM NaCL The protein then is applied to^ephacryl S-200HR 
column equilibrated in TBS. Using substantially the same protocol, soluble^^phogens also can 
be isolated ficpmfone or more body fluids, including serum, cerebrospinal fluid ^r peritoneal fluid. 

The sptoble OP-1 complex elutes with an apparent molecular weighxof 1J0 kDa. This 
agrees well with the predicted composition of the soluble OP-1 complex wi& ^he mature OP-1 
dimer (3506 kPa) associated with two pro-domains (39 kDa each). Purit^^^ final complex 
can be verified by running the appropriate fraction in a reduced 1 5% polyac^^de gel. 

As an alternative' to purifying soluble complexes from culture media iO^^pdy fluid, 
soluble complexes can be formulated from purified pro domains and mature^^ Species. 
Successful complex formation apparently requires association of the compo^|||i|i|{ler 
denaturing conditions sufficient to relax the folded structure of these molecul^^put affecting 
disulfide bonds. Preferably, the denaturing conditions mimic the environmen^^^tracellular 
vesicle sufficiently such that the cleaved pro domain has an opportunity to associate with the 
mature dimeric species under relaxed folding conditions. The concentration 6f Se^aturant in the 
solution then is decreased in a controlled, preferably step- wise manner, so as to f low proper 
refolding of the dimer and pro regions while maintaining the association of the p>o'lpmain with 
the dimer. Useful denaturants include 4-6M urea or guanidine hydrochloride (GuMCi), in 
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bufifetSd^lutions of pH 4-10, preferably pH 6-8. The soluble complex then is formed by 

/sis or dilution into a solution having a final denaturant concentration of less than 
i or GuHCl, preferably 1-2 M urea of GuHCI. which then preferably can be diluted 

buffer. Protein purification/renaturing procedures and considerations are well 
ae an, and details for developing a suitable renaturing protocol readily can be 
; having ordinary skill in the art; One useful text on the subject is Guide to 
Protein $%0ication, M. Deutscher, ed., Academic Press, San Diego, 1990, particularly section 
V. "H>i||i||||nirmntinn also may be aided by addition of one or more chaperone proteins. 

wlity of the highly purified soluble morphogen complex in a. physiological buffer, 
10 e.g., Tris4*tffcred saline (TBS) and phosphate^buffered saline (PBS), can fee enhanced by any of a 

s, including any one or more of three classes of additives; These additives include 
is {e.g., L-arginine, lysine and betaine); nonionic detergents (e.g., Tween 80 or 
Y and carrier proteins (e.g., serum albumin and casein). Useful concentrations of 
. include 1-100 mM, preferably 10-70 mM, including 50 mM, basic amino acid;, 
15 0.01 -l.OVo, preferably 0.05-0.2%, including 0.1% (v/v) nonionic detergent;, and 0.01-1.0%, 
preferably ip5-0.2%, including 0.1% (w/v) carrier protein. 

Example 2i ' - Stroke Model Involving Surgical Occlusion of the CerebisalEArtery 

The middle cerebral artery (MCA) occlusion model is a well accepted model of a focal 
ischemic episode or stroke (Gotti, et al, (1990) Brain Res. 522: 290-307). Focal ischemia is 
20 produced fey obstructing blood flow through the MCA resulting in infarction of the brain locus 
supplied by Wj* artery. The MCA model is reasonably predictive of the ability and efficacy of 
drugs, such as morphogen, to aher functional recovery in humans in whom nervous system 

tissue has feden damaged or lost due to stroke. For example, the MCA modefcjs deemed 
reasonably predictive of drug efficacy to restore or detectably improve motO|^o.ordination, 
25 sensory perception, speech or any othi* central nervous system function naturally contributed to 
by tissue within the territory of the MCA. -fefc&v; 

Animals that were treated with OP- 1, beginning 24 hours after occlu^of the MCA 
performed significantly better than vehicle-treated animals in a variety of foncttohalftehaviora] 
tests as described below. 
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:v 5 :V^- Surgical Occlusion Procedure 

The animals used in this study were male Sprague-Dawley rats weighing 250000 grams 
(Charley Iliiver). For surgical procedures, the animals were anesthetized With 2% haJothane in 
70^1^^/16% 0 2 The tail artery was cannulated in order to monitor blood gases and blood 
5 glucose. Body temperature was monitored using a rectal probe and was maintained at 3 7 + 0.5°C 
: with a heating pad. The proximal right middle cerebral artery (MCA) wasoccluded permanently 
using a modification of the method of Tamura, et al. (1981, J. Cereb. Blood Flow Me tab. 1: 
53-60). Briefly, the proximal MCA was exposed transcranial^ without removing the zygomatic 
arch or,tfa^|^ing the facial nerve. The artery was then electrocoagulated using a bipolar 

10 microcoagu^tqr from just proximal to the olfactory tract to the inferior cerebral vein, and was 
then transesj^Bederson, etal. , ( 1 986) Stroke J 7: 472-476). Rats were observed until they 
regained consciousness and were then returned to their home cages. Cefazolin sodium (40 
m S /k §> i.p.>* -an antibiotic, was administered to ail animals on the day before and just after stroke 
surgery in ojidej-to prevent infection. During stroke surgery, there were no differences in the 

15 levels of blood gases or glucose among animals that subsequently received OP-1 or vehicle 
treatment. 

WW ■ s.** 

ML Administration of Morphogen 

A^fl^^thc.trcatmcat group received OP- 1 intracisternally at a dost erf; 1 or 
1 0 ^g/iryepdpi^i Control animals received vehicle solutions lacking OP-1 but "with all other 
10 components a|^ final concentrations. 



0 



To adrmi^ster the injection, the animals were anesthetized with halothane In 7p% 
N° 2/ ^ 0 2 ^?ndiplaced in a stereotaxic frame. The procedure for intracistei^^^tion of OP-1 
containing splutions or vehicle-only solutions was identical. Using aseptic te$^ 1(1 or 

10 ng/injection ) ; or an equivalent volume of vehicle were introduced by percui&Seous injection 
(10 ul/injection),into the cisterna magna using a Hamilton syringe fitted with a 2.6^gauge needle 
(Yamada, et a/., (1991)7. Cereb. Blood Flow Metab. I J: 472-478). Before e^|^ction v • I -2 ul 
of cerebrospinal fluid (CSF) was drawn back through the Hamilton syringe to vSKneedle 
placement in the subarachnoid space. Preliminary studies demonstrated that a dye Evans 

blue, delivered in this, fashion diffused freely through the basal cisterns and over i&z Cerebral 

' ' '■' ' • '••'Vhfr$f^:%:? i 

cortex within one hour of injection. Animals were randomly assigned to either of ^e OP-i 

treatment groups or to the vehicle treatment group. 
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In 4 first study, intracistemal injections (10 ^g/injection OP-i or vehicle) were made 
biw4aej^|^|?ur weeks, starting 24 hours after stroke (i.e. . on post-stroke days 1,4,8,11. 15, 
18, ?2y^4#f ) - * n a second study, animals received two intracistemal injections 
(2 X fc^&ection OP- 1, 2 X 10 ug/injection OP-1, or 2 X vehicle); the first injection was 

1< 24 hours after stroke and the second injection was administered 4 days after stroke. 
& a single injection (10 ug/injection OP-1 or vehicle) was administered 24 hours 

ffp * Behavioral Testing 

to Iccustom the animals to handling, which would be necessary for behavioral/functional 
10 testing, th^ySere handled for three days before surgery; for 10 minutes each day. Following 
surgery, they were housed in individual cages. Four standard functiona^ehavioral tests were 
used to assess; sensorimotor and reflex function after infarction. The tests have been fully 
described in the literature, including Bederson, et al., (1986) Stroke 17: 412-416; DeRyck, et a/., 
(1992) Brain Res. 573: 44-60; Markgraf, etal., (1 992) Brain Res. 575: 238^46; and Alexis, et 
IS al., 0995) Stroke 26: 2338-2346. 

A. The Forelimb Placing Test 
Briefly, the forelimb placing test is comprised of three subtests. Separate scores are 
obtained for each forelimb. For the visual placing subtest, the animal is heldupright by the 
researcher and brought close to a table top. Normal placing of the limb on tfie^table is scored as 
20 "0," delayed placing (< 2 sec) is scored as "1," and no or very delayed placmf (> 2 sec) is scored 
as "2." SeplSe scores are obtained first as the animal is brought forward##^eh again as the 
animal is brought sideways to the table (maximum score per limb=4; in each ca# higher numbers 
denote greater 'deficits). For the tactile placing subtest, the animal is held so ifeat it cannot see or 
touch the table top with its whiskers. The dorsal forepaw is touched lightly to *he table top as the 
25 animal is first brought forward and then brought sideways to the table. PlacingieSeh time is 

scored as above (maximum score per Umb-4)." For the proprioceptive placinpsubtest, the animal 
is brought forward only and greater pressure is applied to the dorsal forepaw|gpi%is scored as 
above (maximum score per Iimb=2). These subscores are added to give thfe^#e1iin6 placing 
score per limb (range=010). In some animals, the whisker placing subtest w&$0iin which the 
30 ability of the animal to place the forelimb in response to whisker stimulation 




,j was 
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: t^'st^^ii^!aum:SCoreper limb « 2). Then subscores were added to give the total forelimb 
placihg -score per limb, (range = 0-10, 0-12 with whisker subtest. 

BJ TheHiridlimb Placing Test 

^iIM^^^ 10 ^ P* ac * n S test is conducted in the same manner as the forelimb placing test but 
in v<^^^fa^ctiie and proprioceptive subtests of the hindlimbs (maximal scores 4 and 2, 
respec^i^ej^; : total score range-0-6). 

C The Modified Balance Beam Test 

-T^^dified balance |>eam test examines vestibulo motor reflex activity as the animal 
balaiw^o^lparrow beam (30 x 1 .3 cm) for 60 seconds. Ability to balance on the beam is 
scored a&feltows: 1 -animal balances with all four paws on top of beam; 2-aiumal puts paws on 
side of fceamsor wavers on beam; 3-one or two limbs slip off beam; 4-threeljinbsslip off beam; 
5-animal attempts to balance with paws on beam but falls off, 6-animal drapes over beam, then 
falls off; 7-anitnal fails off beam without an attempt to balance. Animals received three training 
trials before surgery: the score of the last of these Was taken as the baseline score. 

D. the Postural Re/lex Test J 

The pbstural reflex test measures both reflex and sensorimotor nmc|^ vlv Animals are first 
held by the uul^uspended above the floor. Animals that reach synimetricaUy ^ward the floor 
with both forefonbs are scored M 0." Animals showing abnormal postures (flfpi$g; of a limb, 
rotation ofthe'body) are then placed on a plastic-backed sheet, of paper. Th^&pimals able to 
resist side-to-side movement with gentle lateral pressure are scored " 1 ," wh^^§eVunable to 
resist such mof einent are scored "2." All fonctionaVbehavioral tests were ad^^ered ,just 
before stroke surgery and then every other day from post-stroke day 1 to da^^^t each 
session, animals were allowed to adapt to the testing room for 30 minutes befo*e ; testing was 
begun. 

- ■' • ■ . • -r^mi^ i '■ 

IV. Histological Analysis 

On day 31 after MGA occlusion, animals were anesthetized deeply withlp^ntobarbital and 
perfused transcirdially with heparinized saline followed by 10% buffered formWnS^fains were 
removed, cut into three pieces, and stored in 10% buffered formalin before dekyil|a^0h .and 
embedding in parafllh. Coronal sections (5 urn) were cut on a sliding niicrotoh^^uhted onto 
glass slides, and stained with hematoxylin and eosin. The area of cerebral infar^idjf ^Ch of 
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s^f0i^^(^4 t 7. +2.7, +0:7, -1 .3, -3.3, -5.3rand -7.3 comparedto bregma>was determined 
using a capputer interfaced imaging system (Rioquant, R&M Biometnix, Inc., Nashville, TN). 
Total i||f^ct area per slice was determined by the "indirect method" as [the area of the intact 
contr^^i^ hemisphere] - [the area of the intact ipsilateral hemisphere] to correct for brain 
5 shrinkage during processing (Swanson, et al y (1990) J. Cereb. Blood Flow Metab. 10: 290-293). 
Infarct vdltatee was then expressed as a percentage of the intact contralateral hemispheric volume. 
The vblui^s of infarction in cortex and striatum were also determined separately using these 
methods. 

practitioner performing intracisternal injections, behavioral testing, and histological 
10 analysis wis Blinded to the treatments assigned until all data had been collected. Data were 

express^^means ± SD or means ± SEM and were analyzed by repeated ineasures analysis of 
yarimcffcf^^VA) followed by appropriate unpaired two tailed tests, with the Bonferroni 
coiTec^oii^^^tiple comparisons. 

V. Results 

■ \''f'iy.xi '- ' . • ■• '■• „*. . 

15 Difference in total infarct volume and body weight between OP-l-treated or 

vehicle-treated animals 

The rlgftt lateral cerebral cortex and underlying striatum of both OP.?t?treated animals and 
vehicle-trea^ animals showed large infarcts in the territory of the MCA; Brain regions severely 
daniaged by tmircts included parietal cortex, areas 1 and 2 (Pari, Par2) and granular insular 

20 cortex (GI)i Regions partially damaged by infarcts included frontal cortex, areas 1, 2, and 3 
(FR1, FR2^p); a granular insular cortex (Al); temporal cortex, areas 1 and ,3 (Tell, Tel3); 
lateral occiplfai cortex, area 2 (Oc2L); the cortical forelimb area (FL), and the caudoputamen 
(cPu; Paxirios and Watson, 1986). The cortical hindlimb area (HL) was generally spared by 
infarcts. 'Vy r -' ''•;fcrj% i 

25 There was no difference in total infarct volume between animals treated with a series of 

OP-1 intracisternal administrations (8 X 10 jig /injection) and vehicle-treated animals (26.3 ± 
2.5% vs. 2810* 2;0% of intact contralateral hemispheric volume, respectively;,^: 53 8, p-n.s.). 
Moreover, there was no difference in cortical or striatal infarct volume amon&^ pP^l -treated 
animals and the vehicle-treated animals, when these volumes were calculated s|j*a^ely (cortex: 

30 30.9 ± 3.1% vs. 31 .9 ± 2.9% of intact contralateral cortex volume, respective^ t^P,254,p~n.s.; 
striatum: 66.0 * 3 .0% vs. 66.5 ± 2.9% of intact contralateral striatum volume, rfes^eaively, 
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t«0. 121, p-n.s'.). Furthefi inspection of hematoxylin and eosin-stained sections showed no 
evi4>|c^|of abnormal cell proliferation in the brains of OP-t -treated animals. Similarly, the total 
infaf^f #feime of animals receiving a single OP-1 injection or two OP-1 injections did not differ 
signifiiaijfly from the corresponding vehicle-treated animals (data not shown). 

-fSifctime course of body weight during the month after infarction of vehicle-treated 
animals'clid hot differ significantly from: (a) animals treated with a series (8 X 1 0 fig/animal) of 
OP-rad'ministrations (FIG. 4; F=0.56, p-n.s.); (b) animals treated with two injections (High 
dose*2 X W^g/animal; Lowdose=2X 1 ug/animal) of OP-i (FIG. 7; Fs^417, p-n.s.); and 



(c) ammals^reated with a single injection (10 ug/animal) of OP-1 (FIG. 10* F=0 693 p-ri s ) 

Functional Performance of OP-UTreated Animals and 
Vehicle-Treated Animals m 



Following infarction, all animals showed severe disturbances of se^rimotor and reflex 
function onsall four behavioral tests. For the limb placing tests, dendts w^cpnfined to the 
contraiateital^left) limbs. Animals receiving the vehicle showed partial rec^ejy on all four 
behavioral tests during the first month after stroke (see FIGS 2A-2B, 3A-3R 5A-5B 6 8A-8B 

and 9). . ^t.w: 

•19 ' Animals Receiving Biweekly OP-1 Administrations^ 

Animals receiving biweekly OP- 1 administrations (8 X 10 ^g /injecf%pecovefed more 
rapidly and to a greater degree than vehicle^treated rats. Improved recovecy%Nl>P- 1 vs. vehicle- 

20 treated ammalswas most pronounced for the forelimb (FIG. 2A; F= 1 09.0< fi^OO 1 ) and 
hindhmb placing tasks (FIG. 2B; F=34;8, p=0.0001), and less pronounced^^ugh still 
significant, for the beam balance (FIG. 3A; F=l 1 .7, p-0.0051); However, no 
significance among the two groups in the postural reflex tests (FIG. 3B; F^^^s.): 
Enhanced recovery was seen on all subtests of the limb placing tests (visu^j : ^^^;iad 

25 proprioceptive>;following OP-1 treatment (data not shown) 

Enhancement of recovery by OP- 1 was most pronounced on tests of s'e^tinmbr : 
function of the affected limbs and less pronounced on tests of reflex and postui^^Gtion. The 
■MGA infarcts did not completely damage forelimb and hindlimb cortical areai;&&%;: 
compatible with recovery on limb placing tests following focal infarction in the;^^ teftitbry. 
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]\mm^m ! ^0O Animals Receiving Two OP-1 Administrations 

•^li^ali^receiving two OP-1 administrations (on post-stroke days 1 and 4) recovered 
moj^i^^^Mii • to a greater degree than vehicle-treated rats during the month of behavioral 
testing. &P±P(2 X 1 or 10 p.g /injection) induced significant enhancement of recovery of: 

5 (a) : f©peKsiii^cing without whisker (FIG. 5A; F=3 1 .83 5, p=0.0001 ; High dose vs. vehicle, 
p<0S£^i$k(m ^iose vs. vehicle, p<0.0001); (b) forelimb placing with whisker (FIG 5B; 
F=27.4^2^gf^.@001; High dose vs. vehicle, p<0.0001; Low dose vs. vehicle, p<0.000i); and 
(c) Wn^E^iacing (FIG. 6; F=l 4.867, p=0.0001; High dose vs. vehicle, p<0.0001; Low dose vs. 
vehicle, $ '$060$). Although the High dose produced a trend toward better recovery than the 

10 Low doseii^ihree behavioral tests, the differences between the* two OP- 1 -treated groups were 
non-sigmfic^t. 

Animals Receiving a Single OP+1 Administrations 

'•Lck^eitn enhancements of functional recovery also were seen with a single 
administrate^ Anirnals receiving lOjigofOP-1 intracisternally 24lhours after the 

15 occlusion ^tfiS-MCA recovered more rapidly and to a greater degree durin^the month of 

behavioral testing than vehicle-treated rats. OP-1 induced significant enhancement of recovery of: 
(a) forelimb pi^oing without whisker (FIG. 8A; F~l 0.853, p=0.0064); (b) fprelimb placing with 
whisker (FI^«|; F=10.629, p«0.0068); and (c) hindlimb placing (FIG. 9; F^l%343, p=0.002). 

In thfe^psent invention, treatment of an ischemic injury of the central nervous system with 
20 OP-1 enhanc$d i|>oth the rate and degree of functional recovery during the first ponth after 

infarction. A?^p#e administration of an effective dose of OP-1 was sufficiently induce long-term 
enhancemem^®||Eunctional recovery. 

Impro v^(J behavioral recovery was seen without a change (e.g., without ^decrease) in 
infarct volume in OP-1 -treated compared to vehicle-treated animals. In all thesfe^tmps, the OP-1 
25 administration commenced one day after ischemia, beyond the apparent "therapies window" 
during which OP-1, according to the teachings of WO 93/04692 and/or WO 903200, can 
reduce infarct ske. The current findings are among the first demonstrations th^^ exogenously 
administered, biologically active factor can enhance behavioral recovery without a; reduction in 
infarct size in an animal model of stroke. - K id^ 
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Similar routine modifications can be made in other accepted models of stroke or traumatic 
central nervous system injury, to confirm efficacy of morphogen treatment to restore impaired or 
lost GNS function. 

Equivalents 

5 The invention may be embodied in other specific forms without departing from the spirit 

or essential characteristics thereof. The foregoing embodiments are therefore to be considered in 
all respects illustrative rather than limiting on the invention described herein Scope of the 
invention is thus indicated by the appended claims rather than by the foregoing description, and all 
changes which come within the meaning and range of equivalency of the rms are intended to be 
10 embraceifciterein. 
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SEQUENCE LISTING 



(i) APPLICANT: CHARETTE, Marc F. 

FINKLESTEIN , Seth P. 

(ii) TITLE OF INVENTION: METHODS FOR ENHANCING FUNCTIONAL 

RECOVERY FOLLOWING CENTRAL NERVOUS SYSTEM ISCHEMIA OR 
TRAUMA 

•'Hi%!^B#teBR OF SEQUENCES: 9 

■ (iyj yDORRESPONDENCE ADDRESS : 

(A) ADDRESSEE: CREATIVE BIOMOLECULES , INC 
.(B) STREET: 45 SOUTH STREET 
^tC) CITY: HOPKINTON 
(D) STATE: MA 
,k. COUNTRY: USA 
^■'^^^■'ZIP: 01748 

(V1 i^#K^UTER READABLE FORM: 

(A) MEDIUM TYPE: Floppy disk 

( B ) COMPUTER: IBM PC compatible 

(C) OPERATING SYSTEM: PC-DOS /MS -DOS 

ID) SOFTWARE: Patentln Release #1.0, Version #1.30 

(vi \ CURRENT APPLICATION DATA: 
(A) APPLICATION NUMBER: 
12) FILING DATE: 
JC) CLASSIFICATION: 

(Viii) A^ORNEY /AGENT INFORMATION: 
■m NAME: FENTON, GILLIAN M 
: W) REGISTRATION NUMBER: 36,506 

. (ici REFERENCE /DOCKET NUMBER: CRP-069CP 

(ix) TELECOMMUNICATION INFORMATION: 

(A) TELEPHONE : (617) 246-7000 

(B) ; TELEFAX: (617) 248-7100 

(2) INFORMattlON FOR SEQ ID NO : 1 : 

<i> SEQUENCE CHARACTERISTICS: 

(A! LENGTH: 97 amino acids 
<B) TYPE: amino acid 

(C) STRANDEDNESS: 

(P> TOPOLOGY: linear 

(ii) MOLECULE TYPE: protein 

(ix) FEATURE: 

(A) NAME/ KEY: Protein 

(B) LOCATION: 1..97 . 

(D) OTHER INFORMATION: /label- Genenc-Seo-7 

/note- ^wherein each Xaa is independently selected from a group 
of one or more specified amino acids as defined in tne 
specif ication. H 

<xi> SEQUENCE DESCRIPTION: SEQ ID NO: 1 : 

Leu Xaa Xaa Xaa Phe Xaa Xaa Xaa Gly Trp Xaa Xaa Xaa Xaa Xaa Xaa 
1 5 10 15 

Pro Xaa Xaa Xaa Xaa Ala Xaa Tyr Cys Xaa Gly Xaa Cys Xaa Xaa Pro 
20 25 30 

Xaa Xa* /.aa Xaa Xaa Xaa Xaa Xaa Asn His Ala Xaa Xaa Xaa Xaa Xaa 
35 40 45 

Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Cys Cys Xaa Pro 
50 55 60 

Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Leu Xaa Xaa Xaa Xaa Xaa Xaa Xaa 
65 70 75 B0 

val Xaa Leu Xaa Xaa Xaa Xaa Xaa Met Xaa Val Xaa Xaa Cys Xaa Cys 
65 90 9i> 

Xaa 
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(2) I'UfORMATION FOR SEQ ID NO: 2: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 102 amino acids 

(B) TYPE: amino. acid 

(C) STRANDEDNESS : 

. .. (D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: protein 



<ix) FEATURE : : 

(A) NAME/KEY: Protein •- .*v 

(B) LOCATION: 1 . . 102 * T . 
: (D) OTHER INFORMATION: /label- Genenc-Seq-8 

/note- "wherein each Xaa is independently selected from a group; 

of one or more specified amino acids as defined in the ;.>•; .. 

specification . " * ' 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 2: 



Cys 


Xaa 


Xaa 


Xaa 


Xaa 
5 


Leu 


Xaa 


Xaa 


Xaa 


Phe 
10 


Xaa 


Xaa 


Xaa 


Gly 


t|p Xaa 


Xaa 


Xaa 


Xaa 


Xaa 
20 


Xaa 


Pro 


Xaa 


Xaa 


Xaa 
25 


Xaa 


Ala 


Xaa 


Tyr 




xaa^Gly 


Xaa 


Cys 


Xaa 
35 


Xaa 


Pro 


Xaa 


Xaa 


Xaa 
40 


Xaa 


Xaa 


Xaa 


Xaa 


Xaa 
45 


Asn 


His Ala 


Xaa 


Xaa 
50 


Xaa 


Xaa 


Xaa 


Xaa 


Xaa 


Xaa 


Xaa 


Xaa 


Xaa 


Xaa 
60 


Xaa 


Xaa 


Xaavttaa 


Xaa 
65 


£ys 


Cys 


Xaa 


Pro 


Xaa 
70 


Xaa 


Xaa 


Xaa 


Xaa 


Xaa 
75 


Xaa 


Xaa 


Leu 


Xaa Xaa 

■; r *0 % 


Xaa 


Xaa 


Xaa 


Xaa 


Xaa 
85 


Val 


Xaa 


Leu 


Xaa 


Xaa 
90 


Xaa 


Xaa 


Xaa 


Met 


XaalTai 
95 

.-' ■)% 


Xaa 


Xaa 


Cys 


Xaa 
100 


Cys 


Xaa 














.. ^ 







(2) I NFORMAT I ON , FOR S EQ I D NO : 3 : 

(i) SEQUENCE' CHARACTERISTICS : 

(A) LENGTH: 102 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: 

(D) TOPOLOGY: linear 

• (ii) MOLECULE TYPE:, protein 



(ix) FEATURE : 

(A) NAME /KEY: Protein ^: 

(B) LOCATION: 1.-102 ^ v ;>,,,/ 
(D) OTHER INFORMATION: /label- OPX 

/note- "wherein each Xaa is independently selected from a group,; > 

of one or more specified amino acids as defined in the ^r.ii^ 

specif ication." ::A'- : i^£ 



(Xi) SEQUENCE DESCRIPTION: SEQ ID NO:3: v 



Cys 


Xaa 


Xaa 


His 


Glu 
5 


Leu 


Tyr 


Val' 


Xaa 


Phe 
10 


Xaa 


Asp 


Leu 


Gly 


Trp 
15 




Asp 


Trp 


Xaa 


lie 
20 


Ala. 


Pro 


Xaa 


Gly 


IV 


Xaa 


Ala 


Tyr 


Tyr 




Glu 




Glu 


Cys 


Xaa 
35 


Phe 


Pro 


Leu 


Xaa 


Ser 
40 


Xaa 


Met 


Asn 


Ala 


Thr 
45 


Asn 


HiS; 




lie 


Xaa 
50 


Gin 


Xaa 


Leu 


Val 


His 
55 


Xaa 


Xaa 


Xaa 


Pro 


Xaa 

60 . 


Xaa 


Val 


Pro 


Lys/-; 


Xaa 
65 


Cys 


Cys 


Ala 


Pro 


Thr 
70 


Xaa 


Leu 


Xaa 


Ala 


Xaa 
75 


Ser 


Val 


Leu 


Tyr 


xia ; ' u 
80 


Asp 


Xaa 


Ser 


Xaa 


Asn 
85 


Val 


Xaa 


Leu 


Xaa 


Lys 
90 


Xaa 


Arg. Asn 


Met 


Val 
95 




Xaa 


Ala 


Cys 


Gly 


Cys 


His 
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100 . 
(2) INFORMATION FOR SEQ ID NO: 4: 

ji) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 1822 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 
<D) TOPOLOGY: linear 

<ii) MOLECULE TYPE: cDNA 

(VI) ORIGINAL SOURCE: 

.(A) ORGANISM: HOMO SAPIENS 
IF) TISSUE TYPE: HIPPOCAMPUS 

(ix) FEATURE: 

(A) NAME/KEY: CDS 
: ■■ ...... '-tB4 LOCATION: 49.. 1341 

(C) IDENTIFICATION METHOD: experimental 
t ;.\(.D) OTHER INFORMATION: /function* "OSTEOGENIC PROTEIN" 

/product- H OP 1" 
/evidenced EXPERIMENTAL 
/ startdi^^Muae* w OPl M ■ 

<Xi) S^EJBNCE DESCRIPTION: SEQ ID NO: 4: 

GGTGC GGGCC .C{jGAGCCCGG AGCCCGGGTA GCGCGTAGAG CCGGCGCG ATG CAC GTG 57 
^ Met His Val 

'•V::= 1 



CGC 

Arg 


TCA 
Ser 
5 


CT^fcGA GCT 
Leu ; Arg Ala 

■■ M 


GCG 
Ala 


GCG 
Ala 
10 


CCG 
Pro 


CAC 
His 


AGC 
Ser 


TTC 

Phe 


GTG 
Val 
15 


GCG 
Ala 


CTC TGG GCA 
Leu Trp Ala 


,. 105 


CCC 
Pro 
20 


CTG 
Leu 




CTG 
Leu 


CGC 
Arg 
25 


TCC 
Ser 


GCC 
Ala 


CTG 
Leu 


GCC 
Ala 


GAC 

IS 


TTC 
Phe 


AGC 
Ser 


CTG GAC AAC 
Leu Asp Asn 
35 


153 


GAG 
Glu 


GTG 
Val 


CAC TCG AGC 
His Ser Ser 
40 


TTC 
Phe 


ATC 
lie 


CAC 

His 


CGG 
Arg 


CGC 

Arg 
45 


CTC 
Leu 


CGC 
Arg 


AGC 
Ser 


CAG GAG CGG 

Gin Glu Arg 
50 


201 


CGG 
Arg 


GAG 
Glu 


ATG CAG CGC 
Met Gin Arg 
55 


GAG 
Glu 


ATC 
He 


CTC 
Leu 


TCC 
Ser 
60 


ATT 
He 


TTG 
Leu 


GGC 
Gly 


TTG 
Leu 


CCC CAC CGC 
V»ww WW v»w> 

Pro His Arg 
65 


' 0 A Q 


CCG 
Pro 


CGC 
Arg 


CCG CAC CTC 
Pro His Leu 
70 


CAG GGC 
Gin Gly 


AAG 

L *i 


CAC 
His 


AAC 
Asn 


TCG 
Ser 


GCA 
Ala 


CCC 
Pro 
80 


ATG TTC ATG 
Met Phe Met 


297 


CTG 
Leu 


GAC 
Asp 
85 


CTG TAC AAC 
Leu Tyr Asn 


GCC ATG 
Ala Met 
90 


GCG 
Ala 


GTG 
Val 


GAG 
Glu 


GAG 
GlU 


GGC 
Gly 
95 


GGC 
Gly 


GGG CCC GGC 
Gly Pro Gly 




GGC 
Gly 
100 


CAG 

Gin 


GGC TTC 

Gly Phe 


TCC 
Ser 


TAC 

Tyr 
105 


CCC 
Pro 


TAC 
Tyr 


AAG 
Lys 


GCC 

Ala 


GTC 

val 

110 


TTC 
Phe 


AGT 

Ser 


ACC CAG GGC 
Thr Gin Gly 
115 


■y'\ 393 


CCC 

Pro 


CCT 
Pro 


CTG GCC 
Leu Ala 


AGC 
Ser 
120 


CTG 
Leu 


CAA 
Gin 


GAT 
Asp 


AGC 
Ser 


CAT 
His 
125 


TTC 
Phe 


CTC 
Leu 


ACC 
Thr 


GAC GCC GAC 
Asp Ala Asp 
130 




ATG 
Met 


GTC 
Val 


ATG AGC 

Met ser 

; : 135 


TTC 
Phe 


GTC 

Val 


AAC 
Asn 


CTC 
Leu 


GTG 
Val 
140 


GAA 
Glu 


CAT 
His 


GAC 
Asp 


AAG 

Lys 


GAA TTC TTC 
Glu Phe Phe 
145 


it 4 $ 9 


CAC 
His 


CCA 
Pro 


CGC TAC 
Arg Tyr 


CAC 
His 


CAT CGA 
His Arg 


GAG 
Glu 
155 


TTC 
Phe 


CGG 

Arg 


TTT 
Phe 


GAT 
Asp 


CTT 
Leu 
160 


TCC AAG ATC 
Ser Lys He 


537 


CCA 
Pro. 


GAA 
Glu 
165 


GGG GAA GCT 
Gly Glu Ala 


GTC 
Val 


ACG 
Thr 
170 


GCA 
Ala 


GCC 
Ala 


GAA 
Glu 


TTC 
Phe 


CGG 
Arg 
175 


ATC 
He 


TAC AAG GAC 
Tyr Lys Asp 


■v *85 


TAC 

Tyr 
180 


ATC 

lie 


CGG GAA CGC 
Arg Glu Arg 


TTC 
Phe 
185 


GAC 
Asp 


AAT 
Asn 


GAG 
Glu 


ACG 
Thr 


TTC 
Phe 
190 


CGG 
Arg 


ATC 
He 


AGC GTT TAT 
Ser Val Tyr 
195 


. 633 


CAG 
Gin 


GTG 
val 


CTC CAG GAG 
Leu Gin Glu 
200 


CAC 
His 


TTG 
Leu 


GGC 
Gly 


AGG 
Arg 


GAA 
GlU 
205 


TCG 
Ser 


GAT 
Asp 


CTC 
Leu 


TTC CTG CTC 
Phe Leu Leu 
210 


. - • ;< -iff, ■ 


GAC 


AGC 


CGT ACC 


CTC 


TGG 


GCC 


TCG 


GAG 


GAG 


GGC 


TGG 


CTG 


GTG TTT GAC 


. 7:29 
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Asp. Sex Arg Thr . Leu" Trp Ala Ser Glu Glu Gly Trp Leu Val Phe Asp 
215 220 225 

II » IS?- GCC A E C AGC ^ C S AC I GG GTG GTC AAT CCG CGG CAC AAC CTG "77- 
He Thr Ala Thr Ser Asn. Hxs Trp Val Val Asn Pro Arg His Asn Leu 

GGC CTG CAG CTC TCG GTG GAG ACG CTG GAT GGG GAG AGC ATC AAC CCC one 
Gly Leu ..Gin Leu Ser Val Glu Thr Leu Asp Gly Gin ?fr lie £?n Pro " S 
4 * 5 250 255 

AAG T7.S GCG GGC CTG ATT GGG CGG CAC GGG CCC CAG AAC AAG CAG CCC 
L£s Leu, Ala Gly Leu lie Gly Arg His Gly Pro Gin a£ L?f Gin Pro 

^bo 270 275 

TTC ATG GTG GCT TTC TTC AAG GCC ACG GAG GTC CAC TTC CGC AGC ATC 
Phe Me: Val Ala Phe Phe Lys Ala Thr Glu Val His Phe Arg sir lie - : 21 
280 285 290 

? GG I CC £E G 5?° AGC AAA ^ CGC AGC GAG AAC CGC TCC AAG ACG CCC 4 or 0 
Arg Ser Thr Gly Ser Lys Gin Arg Ser Gin Asn Arg Ser Lys Thr Pro 69 
2 5 300 305 

£* G '£* C £$ G GAA GCC CTG . CGG ATG GCC AAC GTG GCA GAG AAC AGC AGC mi -7 

Lys Asn Gin Glu Ala Leu Axg Met Ala Asn Val Ala Glu Asn Ser Ser 1017 

. J f *-0 315 • 320 -. 

AGp GAC CftG AGG CAG GCC TGT AAG AAG CAC GAG CTG TAT GTC AGC TTC m« 
*!! - 3^0 L ^ ^ HiS ClU lit ^ vll sf£ Phi ^ 1065 

*5* 5^ ?* G GGC TGG CAG GAC TGG ATC ATC GCG CCT GAA GGC TAC GCC - n ^ 
Aro Asp Leu Gly Trp Gin Asp Trp lie lie Ala Pro GlC Si? ?yr Ala UX3 

. 350 355. 1'.;.;':. 

?? C I AC I AC: TGT ^ GGG GAG TGT GCC TTC CCT CTG AAC TCC TAC ATG ■ " ^ ^iVc. 
Ala Tyr Tyr Cys Glu Gly Glu Cys Ala Phe Pro LeS A^n ler T?r MeT • 1161 

JoO 365 370 ■•• '-i-> /J -\' .• 

G ? C £S C AAC CAC GCC ATC GTG CAG ACG CTG GTC CAC TTC ATC AAC 1 ? no. 

Asn Ala Thr Asn His Ala lie Val Gin Thr Leu Val Hi5 Phe lie A^n ^ 12 ° 9 
375 380 385 

Pr2 ££5 8*? CCC £ CC TGG TGT GCG CCC ACG CAG CTC AAT GCC 1257 

Pro Glu Thr Val Pro Lys Pro Cys Cys Ala Pro Thr Gin Leu Asn Ala 
- 395 400 

111 IS* vl? ? TC l kC ll C S* T AGC TCC AAC GTC ATC CTG AAG AAA ' ? 1305 

lie Ser Val Leu Tyr Phe Asp Asp Ser Ser Asn Val He Leu Lys Lys ../ "° ,. 

^ I ^ • 

TAC AGA AAC ATG GTG GTC CGG GCC TGT GGC TGC CAC TAGCTCCTrr V^ti 
T^r Arg Asn Met Val Val Arg Ala Cys Gly C^s Hxs TAGCTC?TCC - Jx ;?/ * . 

GAGAATTCAG ACCCTTTGGG GCCAAGTTTT TCTGGATCCT CCATTGCTCG CCTTGGCCAG X^Hii''' ■ 
GAACCAGCAG ACCAACTGCC TTTTGTGAGA CCTTCCCCTC CCTATCCCCA ACTTTAAAGG 
TGTGAGAGTA TTAGGAAACA TGAGCAGCAT ATGGCTTTTG ATCAGTTTTT CAGTGGCAGC ^ ■ 
ATCCAATGAA CAAGATCCTA CAAGCTGTGC AGGCAAAACC TAGCAGGAAA : AAAAAACAAC.^§' -^9I : ; 
GCATAAAGAA AAATGGCCGG GCCAGGTCAT TGGCTGGGAA GTCTCAGCCA TGCACGGACT ' 1"^1.' 
CGTTTCCAGA GGTAATTATG AGCGCCTACC AGCCAGGCCA CCCAGCCGTG. GGAGGAAGGG '■■Mil" 
GGCGTGGCAA GGGGTGGGCA CATTGGTGTC TGT GCGAAAG GAAAATTGAC CCGGAAGTTC 1 "'. * 

C TGT AAT AAA TGTCACAATA AAACGAAT G A ATGAAAAAAA AAAAAAAAAA A ' ' ' 

(2) INFORMATION FOR SEQ ID NO: 5 ; \V-V V ; 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 431 amino acids 

(B) TYPE: amino acid *M ' 
(D) TOPOLOGY:, linear 

(ii) MOLECULE TYPE: protein -;^C#-: . 

<xi) SEQUENCE DESCRIPTION: SEC ID NO:5: 

Met His Val Arg Ser Leu Arg Ala Ala Ala Pro His Ser Phe Val Ala 

" 10 -15 V 
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Leu Trp Ala Pro Leu 
20 


Phe 


Leu Leu 




Ser 


Ala 


Leu 


Ala 


Asg Phe u Ser 


Leu Asp. Asn Glu Val 


His 


Ser Ser 
40 


Phe 


He 


His 


Arg Arg 


Leu Arg 


Ser 


Gin Glu Arg Arg Glu 

SO \ 


Met 


Gin Arg 
55 


Glu 


lie 


Leu 


Ser 
60 


lie- 


Leu Gly 


Leu 


Pro His Arg. Pro Arg 

65; ' 


Pro 
70 


His Leu 


Gin 


Gly 




His 


As n 


Ser Ala 


Pro 
8 0 


Met Phe Met. Leu Asp 
85 


Leu 


Tyr Asn 


Ala 


Met 
90 


Ala 


Val 


Glu 


Glu Gly 
95 


Gly 


Gly Pro Gly Gly Gin 
100 


Gly 


Phe Ser 


Tyr 
105 


Pro 


Tyr 


Lys 


Ala 


Val Phe 
110 


Ser 


Thr Gin Gly Pro Pro 


Leu 


Ala Ser 
120 


Leu 


Gin 


Asp 


Ser 


His 
125 


Phe Leu 


Thr 


Asp Ala As# Met Val 

.130;,, 


Met 


Ser Phe 
135 


Val 


Asn 


Leu 


Val 
140 


Glu 


His Asp 


Lys 


Glu Phe jPh« ; ,.His Pro 

145 . v : :'- : '.' 


Arg 
150 


Tyr His His 


Arg 


Glu 
155 


Phe 


Arg 


Phe Asp 


Leu 
160 


Ser Lys : iie Pro Glu 
165 


Gly 


Glu Ala 


Val 


Thr 
170 


Ala 


Ala 


Glu Phe Arg 
175 


lie 


Tyr Lys . A^p xTVr He 


Arg 


Glu Arg 


Phe 
185 


Asp 


Asn 


Glu 


Thr 


Phe Arg 
190 


lie 


Ser Val Tyr i Gin Val 


Leu 


Gin Glu 
200 


His 


Leu 


Gly 


Arg 


Glu 
205 


Ser Asp 


Leu 


Phe Leu Leu Asp Ser 
210 


Arg 


Thr Leu 
215 


Trp 


Ala 


Ser 


Glu 

220 


Glu Gly Trp 


Leu 


Val Phe Asp lie Thr 
225 


Ala 
230 


Thr Ser Asn 


His 


Iff 


val 


Val 


Asn Pro 


Arg 
240 


His Asn Leu Gly Leu 
245 


Gin 


Leu Ser 


Val 


Glu 
250 


Thr 


Leu 


Asp Gly Gin 
255 


Ser 


He Asn Pro iys Leu 
260 


Ala Gly Leu 


He 
265 


Gly 


Arg 


His 


Gly 


Pro Gin 
270 


Asn 


Lys Gin Pro Phe Met 

275 : 


Val ,Ala Phe 
280 


Phe 


Lys 


Ala 


Thr 


Glu Val His 
285 


Phe 


Arg Ser He. Arg Ser 
290 


Thr 


Gly Ser 
295 


Lys 


Gin 


Arg 


Ser 
300 


Glh Asn Arg 


Ser 


L^| Thr Pro Lys Asn 


Gin 
310 


Glu Ala 


Leu 


Arg 


Met 
315 


Ala 


Ash 


Val Ala 


Glu 
320 


Asn Ser Ser Ser Asp 
325 


Gin Arg Gin Ala 


Cys 
330 


Lys 


Lys 


His 


Glu Leu 
335 


Tyr 


Val Ser Phe Arg- Asp 
340 


Leu Gly Trp 


Gin 
345 


Asp 


Trp 


He 


He 


Ala Pro 
350 


Glu 


Gly Tyr Ala Ala' Tyr 
355- ... 


Tyr Cys Glu Gly 
360 


Glu 


Cys 


Ala 


Phe 
365 


Pro Leu 


Asn 


Ser Tyr Met AsnAla 
370 


Thr 


Asn His 
375 


Ala 


He 


Val 


Gin 
380 


Thr 


Leu Val 


His 


Phe He Asn Pro Glu 
38 5 


Thr 
390 


Val Pro 


Lys 


Pro 


395 


Cys 


Ala 


Pro Thr 


Gin 
400 


Leu Asn Ala . He Ser 
405 


Val 


Leu Tyr 


Phe 


Asp 
410 


Asp 


Ser 


Ser 


Asn Val 
415 


lie 


Leu Lys Lys Tyr Arg 
420 


Asn 


Met Val 


Val 
425 


Arg 


Ala 


Cys 


Gly 


Cys His 
4 30 




(2) INFORMATION FOR 


SEQ 


ID NO: 6 

















(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 97 amino acids 

(B) TYPE: amino acid 

(C ) STRANDEDNE5S : single 
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O) .TOPOLOGY : linear 
xxx) MOLECULE TYPE : protein 

tlx): FEATURE: 

(A) NAME /KEY: Protein 
1 (B) LOCATION: 1 . . 97 
/r,^L » ( ? } OTHER INFORMATION: /label- Generic-Seq- 9 
of °2JE5 *" h "*i n eacn * aa 15 .independently selected from a group 
Ipj^h^^t^y^^ anUn ° acids as defined in the / 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 6: 

Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa^ Xaa 
1 i> 10 is ;s 

Pro Xaa Xaa Xaa Xaa Xaa Xaa Xaa C^s Xaa Gly Xaa- Cys Xaa Xaa, Xaa 

Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa* Xaa 

jo 40 45 • • :ir " 

Xaa gia Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Cys Xaa fero 

Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Leu Xaa Xaa Xaa Xaa Xaa Xaa kiW 

75 . 30 

Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Cys Xaaflff^ 
85 90 95 \™J 

Xaa ■■' . \V 



(2) INFORMATION FOR SEQ ID NO : 7: 

(i) SEQUENCE CHARACTERISTICS : JV ^ ^ 

■ftl £52S TH: ^ 02 41111x10 ac:icis 

(B> TYPE: amino acid 

(C) STRANDEDNESS : single 

CD) TOPOLOGY: linear ^ 
(ii) MOLECULE TYPE: protein 

Ux) FEATURE: 

(A) NAME/KEY: Protein 

(B) LOCATION: 1. .102 

. _ <£) OTHER INFORMATION: /label- Generic-Seo-10 



(xi ) 


SEQUENCE DESCRIPTION: SEQ ID NO: 7: 














Cys 
I 


Xaa 


Xaa 


Xaa 


Xaa 
5 


Xaa 


Xaa 


Xaa 


Xaa 


Xaa 
10 


Xaa 


Xaa 


Xaa 


Xaa 


Xaa 
15 


Xaa;;'--;/ : ' 


Xaa 


Xaa 


Xaa 


Xaa 
20 


Xaa 


Pro 


Xaa 


Xaa 


Xaa 
25 


Xaa 


Xaa 


Xaa 


Xaa 




Xaa 


Gly 


Xaa 


Cys 


Xaa 
35 


Xaa 


Xaa 


Xaa 


Xaa 


Xaa 
40 


Xaa 


Xaa 


Xaa 


Xaa 


Xaa 
45 


Xaa 


Xaa 


Xaa... :' " 


Xaa 


Xaa 

50 


Xaa 


Xaa 


Xaa 


Xaa 


Xaa 
55 


Xaa 


Xaa 


Xaa 


Xaa 


Xaa 

60 


Xaa 


Xaa 


Xaa 


Xaa/;-: 


Xaa 

65 


Xaa 


Cys 


Xaa 


Pro 


Xaa 
70 


Xaa 


Xaa 


Xaa 


Xaa 


Xaa 
75 


Xaa 


Xaa 


Leu 


Xaa 


Xaa 
80 


Xaa 


Xaa 


Xaa 


Xaa 


Xaa 
85 


Xaa 


Xaa 


Xaa 


Xaa 


Xaa 
90 


Xaa 


Xaa 


Xaa 


Xaa 


Xaa 
95 


Xaa : \- ; '/'----" 


Xaa 


Xaa 


Cys 


Xaa 


Cys 


Xaa 


























100 


















\ 







(2) INFORMATION FOR SEQ ID NO:8: 

il) SEQUENCE CHARACTERISTICS: 
I A) LENGTH: 5 amino acids 
(B) TYPE: ama.no acxd 
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(C) STRANDEDNESS : 

(D) TOPOLOGY: linear 

( ii ) MOLECULE TYPE : peptide 

(ix) FEATURE: 

(A) NAME /KEY: Protein 

; ; , .(B) LOCATION: .1. . 5 ' 

(D) OTHER INFORMATION: /note- "wherein each Xaa is 
independently selected from a group of one or more specified 
amino, kcids as defined in the specification" 

( xi). SEQUENCE DESCRIPTION: SEQ ID NO: 8: 

•tys:;'X^ Xaa Xaa Xaa 

(2) INF0f®^EION FOR SEQ ID NO: 9: 

CU ;S|5$UENCE CHARACTERISTICS : 
LENGTH: 5 amino acids 
;-|B) TYPE: amino acid 

(C) STRANDEDNESS: 
■•flHB 5 }. TOPOLOGY : linear 

(ii); ifc^LfCULE TYPE: peptide 

(ixl FEATURE : . . . . j 

NAME/KEY: Protein 

(B) LOCATION: 1. .5 . ^ 
(X» OTHER INFORMATION: /note- "wherein each Xaa is 

independently selected from a group of one or more specified 
amino acids as defined in the specification" 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO:9: 

Cys Xaa Xaa Xaa Xaa 

1 • ' '. ': 5 



X*. -' 
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What is claimed is: 

1 1. A. method for enhancing recovery of central nervous system function in a mammal, 

2 comprising the step of: 

3 administering an effective amount of a morphogen to a mammal afflicted with a central 

4 nervous system injury selected from ischemia or trauma, 

5 wherein said morphogen comprises a dimeric protein having the property of inducing 

6 : -:\igHMRffiffSpecific morphogenesis in said mammal and comprising a pair of folded 

7 polypeptides, each having an amino acid sequence having at least 70% homology with the 

8 ,^|pninal seven-cysteine domain of human OP-1, residues 38-139 of SEQ ID NO: 5. 

1 2. The method of claim 1 , wherein said functional recovery comprises an: improvement in a 

2 ceiitfal ; nervous system function selected from motor coordmation,fi^c)tion, sensory 

3 pe^lsption, and speech. 

13. The method of claim 2, wherein said motor coordination function Is Selected from posture, 
2 balance, grasp and gait. 

1 4. The method of claim 2, wherein said sensory perception is selected from vision, hearing, 

2 touch, taste, proprioception, and olfaction. r - 

1 5. The method of claim 1 , wherein said mammal is a human. 

1 6. The method of claim 1 , wherein the effective amount of a morphogen is provided in a 

2 single administration. 

1 7. The iriethod of claim 1, wherein the effective amount of a morphog^^^^vided in a 

2 plurality of administrations. 

1 8. The method of claim 6, wherein the effective amount of a morpho^gyi^|riovided in two 

2 administrations. A<^"£V : 

1 9. The method of claim 1, 6, 7 or 8 wherein the effective amount of a toS%i&gen is 



administered at least 6 hours after the onset of said injury. 



1 10. The method of claim 1, 6, 7 or 8 wherein the effective amount of a nioipKqgen is 

. 2 administered at least 24 hours after the onset of said injury. 
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l J 1 ; f /f he method of claim I, 6, 7 or 8 wherein the effective amount of a imorphogen is 



• i^flMtiistered at least 48 hours after the onset of said injury. 



l 12. T^ method of claim 7, wherein the morphogen is administered daily. 

I 13, The method of claim 7, wherein the morphogen is provided biweekly. 

1 14/ . .^p^^gthod of claim 7, wherein the morphogen is provided weekly. 

1 15. A irtethod for enhancing recovery of central nervous system function in a mammal, 

2 cbia^nsing the step of: 




3 adfmiastering an effective amount of a morphogen to a mammal afflicted with a central 

4 nejf^lp system injury selected from ischemia or trauma, 

5 wherem said morphogen comprises a dimeric protein having the property of inducing 

6 tissii^pecific morphogenesis in said mammal and comprising a pair gfiplded 

7 pol^^itides, each having an amino acid sequence selected from the group consisting of 

8 (a) Generic Sequence 7 defined by SEQ ID NO: 1 ; 

9 (b) Generic Sequence 8 defined by SEQ ID NO: 2; 

10 (c) Generic Sequence 9 defined by. SEQ ID NO: 6; and 

11 (d) Generic Sequence 10 defined by SEQ ID NO: 7; 

! 16. The method of claim 1 or 15, wherein said amino acid sequence is selected from the group 

2 consisting of 

3 (a) a sequence having greater than 60% amino acid sequence identity with the 

4 C-terntiilal seven-cysteine domain of human OP-1, residues 38-139 of ^Q ID NO: 5; and 

5 (b) OPX sequence defined by SEQ. ED NO: 3. 

1 17 The method of claim 1 or 1 5, wherein said wherein said amino acid sequence is that of the 

2 C-terminal seven-cysteine domain of human OP-1, residues 38-139 of SEQ ID NO: 5 or a 

3 conservative substitution variant thereof 

1 18. The method of claim 1 or 15, wherein said wherein said amino acid seq^e|tce is that of the 

2 C-terminal seven-cysteine domain of human OP- 1 , residues 38-1 39 of Sp<5 ID NO: 5 or a 

3 naturally-occurring variant thereof. 
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J 19. -''^Method. for enhancing recovery of central nervous system function in a mammal, 

2 comprising the step of: 

3 adrrunistering an effective amount of a morphogen to a mammal afflicted with a central 

4 nervous system injury selected from ischemia or trauma, 

5 wherein said morphogen is selected from the group consisting of human OP-1, mouse 

6 OP-1, human OP-2, mouse OP-2, 60A, GDF- 1, BMP-2A, BMP-2B, DPP, Vgi, Vgr-1, 

7 BMP-3, BMP-5, and BMP-6. 

1 20. A method for enhancing recovery of central nervous system function in a mammal, 

2 comprising the step of: 

3 administering an effective amount of a morphogen to a mammal afflicted with a central 

4 nervous system injury selected from ischemia or trauma, 

5 wherein said morphogen is a conservative substitution variant of a morphogen selected 

6 from the group consisting of human OP-1, mouse OP-1, human OP-2, inouse OP-2, 60 A, 

7 GDF-1, BMP-2A, BMP-2B, DPP, Vgl, Vgr-1, BMP-3, BMP-5, and BMP-6. 

1 21. The method of claim 1 , 6, 7, 8, 1 5, 1 9 or 20 wherein said morphogen is complexed with at 

2 least one pro-domain peptide comprising an N-terminal 18 amino acid peptide selected 

3 from the group consisting of N-termini of the pro domains of OP- 1 , OP*2, 60 A, GDF- 1 , 

4 BMP-2A, BMP-2B, DPP, Vgl, Vgr-1, BMP-3, BMP-5, and BMP-6. 

1 22. The method of claim 1, 6, 7, 8, 15, 19 or 20 wherein said morphogen is complexed with at 

2 least one pro-domain polypeptide that is a conservative substitution v^ri^kt of a pro- 

3 domain polypeptide selected from the group consisting of the pro-dpir(^ibs of OP- 1 , OP-2, 

4 60A, GDF- 1 , BMP-2A, BMP-2B, DPP, Vgl, Vgr- 1 , BMP-3, BMP-5, *MMP-6. 

1 23. The method of claim 1, 6, 7, 8, 15, 19 or 20 wherein said morphogen lis ;^ncovalentIy 

2 complexed with at least one solubility-enhancing fragment of a pro-dompia polypeptide 

3 selected from the pro^domains of naturally-occurring morphogens. 

1 24. The method of claim 23, wherein said morphogen is complexed with a. pair ;of said 

2 fragments. 



l 25. 
2 



The method of claim 1, 6, 7, 8, 15, 19 or 20 wherein said morphogen is obtained from 
culture supernatant of a morphogen secreting host cell. 



j$m:yr pcr/us97/64i77 

1 . '26^i^^%Bthod of claim 1, 6, 7, 8, 15, 19 or 20 wherein said morphogen is administered 

2 iritracisternally, intraventricularly, intrathecally or intravenously. 
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/o Amino Acid Sequence Similarity, Identity to Human OP-1 
7-Cysteine Domain 

>=70% 
Sequence 



hOP-1 (hBMP-7) 
mOP-1 (mBMP-7) 
hOP-2 (hBMP-8) 
mOP-2 (mBMP-8) 
hBMP-5 
hBMP-6< 
Vgr-1 (PT) 
OP-3 
d60A 

BMP-4 (BMP-2b) 
BMP-2 (BMP-2a) 
dpp 

sUNTVTN 
xVg.l 

hCDMP-1 (mGDF-5) 

hCDMP-3 (mGDF-7, hBMP-12) 

mGDF-3 (hVgj r 2) 

hCDMP-2 (mGDF-6, hBMP-13) 

cDORSALIN 

hGDF-1 

mGDF-10 

rBMP-3b 

bBMP^lO 

hBMP-3 

dSCREW 

AD MP 

mGDF-1 

hBMP-9 

mNODAL 

hBMP-15 



% Similarity 



'/o Identity 



100 


100 


100 

J VV 


99 


07 

y i 


72 


07 

y / 


75 


Q7 

y / 


88, 


yo 


''8|-' 


OA 

yn . 




oi 
y\ 


66 V 


OA 
y\) 


69 V. 


on 


58, 1 
60 


89 


o / 


57" •: 


5 / 


63 




58 




50 


83 


54 


83 


50 


82 


S3T"'""." ' 


79 


50 


78 


49 


78 


40 ; ; 


78 


41 • ; 


78 


4.7 : \ 


78 




77 


49 " 


77 




73 


50 .••'. ; -Y ; : 


73 


52 


71 


4i 


71 
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Soecies Labels: 

h»Human. rn»Mouse. x=Xenopus. cChicken. s»Sea Urchin. d«Drosophilia. r=rat 



FIG. 1 
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FIG. 2B 
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FIG. 5B 
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~* High Dose (10 »gr Injection) 

"° Low disinfection) 
-O — vehicle 
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FIG, 8B 




FIG. 9 



PCT/US97/04177 



14/14 




FIG. 10 



500CIO:<WO S7a4e26Al I > 



INTERNATIONAL SEARCH REPORT 



Interna J Application No 

PCT/US 97/04177 



A. CLASSIFICATION OF SUBJECT MATTER 

ipc :.6.r^/isnmtB 






According Co IritenSatibnal Patent Classification (IPQ or to both national class ft cation and IPC 




B. FIELDS SEARCHED 


Minimum documentation searched (dassifi canon system followed by classification symbols) 

IPC 6 A61K 




Documentation searched other than minimum documentation to the extent that such documents arc included in the fields searched 


Electronic data base consulted during the international search (name of data base and, where practical, search terms used] 




C. DOCUMENTS CONSIDERED TO BE RELEVANT 


Category * 


Que on of document, with indication, where appropriate, of the relevant passages 


Relevant to claim No. 


X 


NEUROSCIENCE LETTERS , 

vol. 187, 1995, 

pages 21-24, XP002G37656 

PERIDESi ET AL: "NEUROPROTECTIVE EFFECT OF 

HUMAN OSTEOGENIC PROTEIN-1 IN A RAT MODEL 

OF CEREBRAL HYPOXIA/ISCHEMIA" 

see thei whole document 


1-26 


X 


WO 94 03200 A (CREATIVE BI0M0LECULES INC) 

17 February 1994 

cited in the application 

see pagf 8, line 4 - page 9, line 5 

see page 17, line 28 - page 19, line 3 

see page 97 - page 99; example 10 


1-26 




! 


-/-- 




| X | Further documents are listed m <hc continuation of box C. 


j)( j Patent family members are listed in annex. 


* Special categones of otcd documents : 

* A* document defining the general sute of the art which ts not 

considered to be of particular relevance 

'E* earlier document but published on or after the international 
filing date 

*L* document which may throw doubts on phonty dairies) or 
which ts otcd to establish the publication date of another 
citation or other special reason (as specified) 

'O* document referring to an oral disclosure, use, exhibition or 
other means 

*P* document published pnor to the international filing date but 
later than the priority date' claimed 


*T" later document published after the mtemaborial filing date 
or phoney date and not tn conflict with the applicaoon but 
a ted to understand the pnnople or theory underlying the 
invention 

*X" document of particular relevance; the daimed invention 
cannot be considered novel or cannot be considered to 
involve an inventive step when the document is taken alone 

*Y" document of particular relevance; the daimed invention 
cannot be considered to involve an inventive step when the 
document is combined with one or more other such docu- 
ments, such combination being obvious to a person skilled 
in the an. 

document member of the same patent family 


Date of the actual completion of the international search 

13 August 1997 


Date of mailing of the international search report 

25.08.97 


Name and m 


ailing address of the ISA 

European Patent Office, P.B. ill 8 PatcnUaan 2 
NL • 2210 HV Rijswijk 
Tel, ( ♦ 31-70) 340-2040, T*. 31 651 epo nl. 
Fax: ( * 31-70) 340-3016 


Authorized officer 

Sitch, W * 



Form PCT/1$A/2I0 (* 



«h«el) <J«*ty IW3) 



page 1 of 2 



INTERNATIONAL SEARCH REPORT 



tnterr. ,iaJ Application No 

PCT/US 97/04177 



C.(Conamutro^ lOW CONSIDERED TO BE RELEVANT 



Category * Qtttibn of document, with indication, where appropriate, of the relevant passages 



Relevant u> claim No. 



mmm&z a (creative biomolecules inc) 

cited in the application 
see page 9, line 3 - page 10, line 10 
see page 55, line 31 - page 56, line 22 
•/seepage 75 - page 78; example 6 

WO 92 15323 A (CREATIVE BIOMOLECULES INC) 
I7.jgptember 1992 
citfed in the appl i cation 
see: page 6, line 3 - page 7, line 27 
see page 61, line 12 - line 17 
je 65, line 7 - line 33 



see 



1-26 



1-26 



Form PCT/ISA'210 (continuation of iccon* thrnt) (July 1992) 

0734626A1 I > 



page 2 of 2 



INTERNATIONAL SEARCH REPORT 



ernauorti application No. 

PCT/US 97/ 04177 



Box J Ob serrations where certain claims were found unsearchable (Continuation of item I of first sheet) 

• ■ : - : - 

*p~£8-?.v ■ .... ... 

This IntcrnauonaJ SiJar^Jt Report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons: 



I. 



QT] Claims N&r^; . 1-26 

because therrekte:*o subject matter not required to be searched by this Authority, namely: 

Remark Af t|^ugh claims 1 to 26 are directed to a method of treatment 
of the- h0*h^animal body, the search has been carried out and based on 
the atl%||#6ffects of the compound/composition. 

2. Q Claims Nto^ SS- 

because u^eyj^te^o parts of the International Application that do not comply with the prescribed requirements to such 
an extent ;tt^^^;;:n^ningful International Search can be carried out, specifically: 

1 I I Claims Not.: \iy- .$1 

because they are, dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a). 

jIS ■ ■ - ■ • 

Box II Obsei^ations wher^ unity of invention is lacking (Continuation of item 2 of first sheet) 



This International Searchmg authority found multiple inventions in this international application, as follows: 

! ' *, f. ■ 



L_3 **i r !? u "? e ? ^^al search fees were timely paid by the applicant, this International Search Report covers all 
*— J searchable claims. ' I £ 



2 - O of^Sb^kl^fy!^ ° OUid ** ,earch * 1 without effort justifying an additional fee. this Authority did itet invite payment 

3 * LJ * f »w« of the required additional search fees were timely paid by the applicant, this International Search Report 
1 covers only those claims for which fees were paid, specifically claims Nos.: 



J— J ™° ^V™****^ fees P** bv applicant. Consequently, this international Search Report is 

restricted to the invention first mentioned in the claims; it is covered by claims Nos.: 



Remark on Protest 



j | The additional search fees were accompanied by the applicant's protest 
No protest accompanied the payment of additional search fees. 



Form PCT/lSA/2 10 (continuation of first sheet (1)) (July 1992) 



INTERNATIONAL SEARCH REPORT 

Informinon on patent family members 



Ink ional Application No 

PCT/US 97/04177 



Patent document 



Publication 
date 



Patent family 
member(s) 



Publication 
date 



17-G2-94 



WO 9304692 A 



18-03-93 



AU 


678380 B 


29-05-97 


AU 


4795193 A 


03-03-94 


AU 


4797193 A 


03-03-94 


AU 


4995593 A 


03-03-94 


AU 


5129293 A 


12-04-94 


AU 


5129393 A 


12-04-94 


AU 


. 5162393 A 


12-04-94 


AU 


5290893 A 


12-04-94 


AU 


5590094 A 


24-05-94 


CA 


2141554 A 


17-02-94 


CA 


2141555 A 


17-02-94 


CA 


2141556 A 


17-02-94 


CA 


2147598 A 


11-05-94 


EP 


0652953 A 


17-05-95 


EP 


0653942 A 


24-05-95 


EP 


0661933 A 


12-07-95 


EP 


0665739 A 


09-08-95 


EP 


0661987 A 


12-07-95 


EP 


0680334 A 


08-11-95 


EP 


0672064 A 


20-09-95 


JP 


7509611 T 


26-10-95 


JP 


7509720 T 


26-10-95 


JP 


7509721 T 


26-10-95 


JP 


8501779 T 


-27-02-96 


JP 


8501558 T 


20-02-96 


JP 


8501315 T 


13-02-96 


JP 


8503198 T 


09-04-96 


WO 


9403600 A 


17-02-94 


WO 


9403075 A 


17-02-94 


wo 


9406447 A 


31-03-94 


wo 


9406399 A 


31-03-94 


wo 


9406449 A 


3**03-94 
31-03-94 


wo 


9406420 A 


wo 


9410203 A 


11-05-94 


us 


5652337 A 


29-07-97 


us 


5652118 A 


29*07-97 


AU 


669127 8 


30-05-96 


AU 


2564592 A 


05.-04-93 


AU 


670558 B 


25-07-96 



if & itK;nSi>!.-a,>.-.:. 



Form PCT/ISA/J10 (ptxmi family mmi) (July IWJ) 

page 1 of 2 

6734626*1 I > 



INTERNATIONAL SEARCH REPORT 



Information on patent f&nuly members 



Inlet, mim} Application No 

PCT/US 97/04177 



Patent document 
cited in search report 


Publication 
date 


Patent family 
membcr(s) 


Publication 
date 


WO 9304692 A 




All 

AU 




A 

M 


27-04-93 




LA 




A 

M 


12-09-92 




TA 

LA 




A 

A 


01-04-93 




pa 
LA 


Oil £££9 
£llODO£ 


A 


18-03-93 




CO 
tr 


VJOU11UQ 


A 

n 


15-06-94 




CD 
tr 


neni 13c 


A 

M 


15-06-94 




ID 

J r 


A£1 fiQAQ 


T 

1 


08-12-94 




ID 




T 

1 


02-03-95 




WU 




A 
M 


01-04-93 








A 
M 


22-07-97 




AU 


678345 


B 


29-05-97 




AU 


2862492 


A 


05-04-93 




CA 


2116560 


A 


18-03-93 




EP 


0601129 


A 


15-06-94 




JP 


6510432 


T 


24-11-94 




WO 


9305172 


A 


18-03-93 




us 


5652337 


A 


29-07-97 




us 


5652118 


A 


29-07-97 



W0 9215323 A 


17-09-92 


AU 


660019 


B 


08-06-95 






AU 


1754392 


A 


06- 10-92 






CA 


2104678 


A 


12-09-92 






EP 


0575555 


A 


29-12-93 






JP 


6506360 


T 


21-07-94 






US 


5652337 


A 


29-07-97 






US 


5652118 


A 


29-07-97 



Form FCT/ISA/aiO (p«UAt fwniiy iami) (July 1997) 



page 2 of 2 



•1 '•■ 



-.81-: 



v ; ; ■ ■ ■ . ' 



